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US FCC Information 
Concerning Radio 
Frequency 
Interference 


Texas Instruments makes no warranty, either expressed or implied, 
including but not limited to any implied warranties of 
merchantability and fitness for a particular purpose, regarding any 
programs or book materials and makes such materials available 
solely on an "as-is" basis. 


In no event shall Texas Instruments be liable to anyone for special, 
collateral, incidental, or consequential damages in connection with 
or arising out of the purchase or use of these materials, and the sole 
and exclusive liability of Texas Instruments, regardless of the form 
of action, shall not exceed the purchase price of this calculator. 
Moreover, Texas Instruments shall not be liable for any claim of any 
kind whatsoever against the use of these materials by any other 
party. 


This equipment has been tested and found to comply with the limits 
for a Class B digital device, pursuant to Part 15 of the FCC rules. 
These limits are designed to provide reasonable protection against 
harmful interference in a residential installation. This equipment 
generates, uses, and can radiate radio frequency energy and, if not 
installed and used in accordance with the instructions, may cause 
harmful interference with radio communications. However, there is 
no guarantee that interference will not occur in a particular 
installation. 


If this equipment does cause harmful interference to radio or 
television reception, which can be determined by turning the 
equipment off and on, you can try to correct the interference by one 
or more of the following measures: 


¢ Reorient or relocate the receiving antenna. 
¢ Increase the separation between the equipment and receiver. 


* Connect the equipment into an outlet on a circuit different from 
that to which the receiver is connected. 


¢ Consult the dealer or an experienced radio/television technician 
for help. 


Caution: Any changes or modifications to this equipment not 
expressly approved by Texas Instruments may void your authority to 
operate the equipment. 


TI-89 Shortcut Keys 


+} [APPS List of Flash applications alpha Type one lowercase letter 
(2nd) [2] Toggle between last two chosen [4] Type one uppercase letter 
applications or split screens 2nd] [a-lock] Lowercase alpha lock 
+) (-], fo] [+ Lighten or darken contrast 4] [alpha] Uppercase alpha lock 
] [ENTER] Calculate approximate answer alpha Exit alpha lock 
+], [*]}@© Move cursor to top or bottom 
(in editors) 
71@,(1© Scroll tall objects in history 3DGraphing 
1]}@,(4]® — Highlight left or right from cursor ©,©,@,® Animate graph 
2nd] ©, (2nd) © Page up or page down +], [- Change animation speed 
(in editors) x, Y,Z View along axis 
2nd) ©, (2nd)® Move cursor far left or far right 0 Return to original view 
“On-screen Keyboard Map(GIEB) chan aot format ete 
. x Expanded/normal view 
Press [ESC] to exit the map. 
# GREEK 
Ba ase ioe 
+} (( To access the Greek 
Te] by ted character set 
a KEDFRGM ¢](U [alpha] + letter To access lowercase Greek 
E] letters. Example: 
cm z ) (O [alpha] [W] displays o 
¢](U[t])+letter To access uppercase Greek 
The keyboard map displays shortcuts that are letters. Example: 
not marked on the keyboard. As shown +) (OG) [W] displays Q 
below, press [¢] and then the applicable key. If you press a key combination that does not 
<2 # access a Greek letter, you get the normal 
letter for that key. 
Cin Access Greek letters 
(see next column) z Z 
JD @ (comment) bd ic 
eb Copy graph coordinates to &) © @® ‘@ 
sysdata a B A € 
acta O©OOO® 
JU Display FORMATS dialog box Tr 
¥ 
*J1-[-]9 Run programs kbdprgm1() ® 
through kbdprgm9() OOOO 
+) x) & (append) h ow 
+) (EE On-screen keyboard map ««) © Cn) ©) ©) 
+] (STO @ I > & 
o 
) (ON Turn off unit so that it returns I 
to current application the ©) @) ®) S @ 
next time you turn it on 7 
+} {0} (zero) < 
AIC : OX) 
ci) Copy graph coordinates to 


Home screen history 


TI-92 Plus Shortcut Keys 


+] [APPS List of Flash applications 

2nd] [EE] Toggle between last two chosen 
applications or split screens 

*)D Copy graph coordinates to 
sysdata 

ol F Display FORMATS dialog box 

+H Copy graph coordinates to 


Home screen history 


#)N Create new variable 

Cake) Open existing variable 

*|s Save copy as 

*]4),@)@) Lighten or darken contrast 

¢) (ENTER Calculate approximate answer 
° 


ON Turn off unit so that it returns 
to current application the next 
time you turn it on 

Run programs kbdprgm1 () 
through kbdprgm9() 


Press [ESC] to exit the map. 


a 
AE OA Ho Eo 


crs @ G # ' ~ s 


See the table below for shortcuts that are not 
marked on the TI-92 Plus keyboard. See the 
next column for accent marks and Greek 
letters. 


2nd) Q ? 

2nd) W ! (factorial) 
2nd} R @ 

2nd) T # (indirection) 
2nd) H & (append) 
2nd} X @ (comment) 
*)[= Fx 

+] (0) (zero) < 

¢ 2 


Move cursor to top 
Move cursor to bottom 
Move cursor to far left 
Move cursor to far right 
Scroll tall objects in history 
©, 2nd) © Page up and page down 
+) X Cut 
Cc 
Vv 


Copy 
Paste 


O,O, 0,0 Animate graph 

+], Change animation speed 
x, ¥,Z View along axis 

0) (zero) Return to original view 


Change graph format style 
x Expanded/normal view 


md) A+letter a,@,1,0,0,A,E,1,0,U 
2nd) C + letter ¢,¢ 
md) E+letter 4,6,1,6,0,y,A,E,1,0,U,Y 


2d) N+letter a,f,6,A,N,O 
2nd) O-+letter 4,é,7,6,4,A,E,1, 0,0 
md) U+letter 4, 8,1,6,0,9,A,E,1,0,U 


To access the Greek 

character set 

To access lowercase Greek 

letters. Example: 2nd) G W 

displays w 

+ letter To access uppercase Greek 
letters. Example: (2nd) G 4] W 
displays Q 

If you press a key combination that does not 

access a Greek letter, you get the normal 

letter for that key. 


2nd) G 


2nd) G + letter 


2nd) G 


> 


Ea ae CCT 
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Flash Applications 


Applications 


Hardware/Software 
Requirements 


Hardware Setup for 
the Computer 


Installing a Flash 
Application from the 
CD-ROM 


Note: For further 
information about 
transmitting applications to 
and from your computer 
using Tl Connect, refer to 
the TI Connect online help. 


Running a Flash 
Application 


Flash functionality enables the ability to download different 
applications to a TI-89 / TI-92 Plus calculator from the enclosed 
CD-ROM, the TI web site, or from another calculator. 


Before downloading new applications to a TI-89 / TI-92 Plus, please 
read and accept the license agreement on the TI-89 / TI-92 Plus 
Applications CD-ROM. 


Before installing Flash applications, you will need: 
e Acomputer with a CD-ROM drive and a serial port. 


e —=TI™ Connect or TI-GRAPH LINK™ software and a TI-GRAPH LINK 
cable. If you need the TI Connect/ TI-GRAPH LINK software or a 
TI-GRAPH LINK cable, check the TI web site at education.ti.com. 


To set up: 


1. Insert the small end of the TI-GRAPH LINK cable into the port at 
the bottom of the TI-89 or the top of the TI-92 Plus. 


2. Connect the other end to the computer’s serial port using a 
25-to-9 pin adapter if necessary. 


To install an application: 

1. Insert the TI-89 / TI-92 Plus Applications CD-ROM into the 
computer’s CD-ROM drive. 

2. From the computer, start the TI-GRAPH LINK software. 


3. From the Link menu, click Send Flash Software » Applications and 
Certificates. 


4. Locate the Flash application on the CD-ROM and double-click. 
The Flash application is copied to the calculator. 


To run an application: 


1. On the TI-89 / TI-92 Plus, press [+ 
APPLICATIONS menu. 


2. Use the cursor keys ©@©@ to highlight the application and press 
ENTER 


APPS] to display the FLASH 


Transferring a Flash 
Application from 
another 

TI-89 / TI-92 Plus 


Note: This guidebook uses 
TI-89 screen shots. 


Backing up a Flash 
Application 


Note: For further 
information about 
transmitting applications to 
and from your computer 
using TI Connect, refer to 
the TI Connect online help. 


Deleting a Flash 
Application 


Note: To select all Flash 
applications, use the [F5) All 
menu. 


Do not attempt to transfer an application if a low-battery message 
appears on either the receiving or sending calculator. 


1. 


Connect the calculators with the calculator-to-calculator cable 
that came with the TI-89 / TI-92 Plus. 
On the sending calculator: 
a. Press [2nd] [VAR-LINK] 
b. Press: 
TI-89: [F7 
TI-92 Plus: [F7] 
c. Highlight the Flash application and press [F4 
to the left of the selected item) 
On the receiving calculator: 
a. Press [2nd] [VAR-LINK] 
b. Press [F3 
c. Select: 2:Receive 
d. Press [ENTER 


On the sending calculator: 


(av is displayed 


a. Press [F3 
b. Select: 1:Send to TI-89/92 Plus 
c. Press [ENTER 


To back up an application to the computer: 


1. 


POF WN 


On the calculator, press: 


TI-89: 
TI-92 Plus: [¢ ] [HOME] 


From the computer, start the TI-GRAPH LINK software 
From the Link menu, click Receive Flash Software 


Select one or more Flash applications and click add 
Click ok 


Save the application to the computer and record this information 
for future reference. 


To delete a Flash application from the calculator: 


1. 
2. 


Press [2nd] [VAR-LINK] to display the VAR-LINK screen 
Press: 


TI-89: F7 
TI-92 Plus: [F7 


Highlight the Flash application and press [F4] (a Vis displayed to 
the left of the selected item) 

Press [F1 
—or— 
Press [= 


and choose 1:Delete 


(a confirmation message appears) 


Press [ENTER] to confirm the deletion. 
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Keystroke Differences 


There are certain differences in keystrokes using the TI-89 / TI-92 Plus for various operations. The 


following table shows the keystrokes for major commands for the two calculators. 


FUNCTION 


LETTERS 


One lowercase letter (a-s, u, v, W) 
One lowercase letter (t, x, y, Z) 
Several lowercase letters 

End several lowercase letters 
Several uppercase letters 


End several uppercase letters 


FUNCTION KEYS 
F6 
F7 
F8 


NAVIGATION 
Scroll tall objects up or down in history 
Move cursor far left or far right on entry line 


Diagonal movement 


FUNCTIONS 
Display Home screen 


Cut 


Copy 

Paste 

Catalog 

Display Units dialog box 
Sin 


Cos 


xii 


TI-89 


[alpha] A-S, U-W 
T,X, Y,Z 

[2nd] [a-lock] 

[alpha] 

4] [a-lock] 

[alpha] 


[2nd] [Fé] 
[2nd] [F7] 


[2nd] [F8] 


HOME 


] [CUT] 


AZ 


[copy] 


° 


[PASTE] 


CATALOG 
[2nd] [UNITS 
[2nd] [sin] 
[2nd] [Cos] 
[2nd] [TAN] 
(2nd [LN] 
[+] [e*] 
EE 


peer 


TI-92 Plus 


A-S, U-W 
T,X, Y,Z 


2nd] [CAPS] 


2nd] [CAPS] 


2nd} [CATALOG] 


| [UNITS] 


TAN 


FUNCTION 


SYMBOLS 


> (Conversion triangle) 
_ (Underscore) 

6 (Theta) 

| With”) 

' (Prime) 

° (Degree) 

Z (Angle) 

& (Sigma) 

xl (Reciprocal) 

Space 


HIDDEN SHORTCUTS 


Place data in sysdata variable 


Greek characters 
Keyboard map 

Place data in Home screen history 
Grave (a, é, i, 0, U) 
Cedilla (¢) 

Acute (4, 6, f, 6, U, y) 
Tilde (a, fi, 6) 

Umlaut (4, 6, i, 6, ti, y) 
? (Question mark) 

6 (Beta) 

# CIndirection) 

& (Append) 

@ (Arbitrary) 

# (Not equal to symbol) 
! Factorial) 

Comment (Circle-C) 
New 

Open 


Save copy as 


Format dialog box 


CATALOG] © ( 


CATALOG] *-1 


alpha)[..] 


TI-92 Plus 


2nd) [> 


2nd) [_ 
(6) 


2nd) [1] 


2nd] [| 


2nd} |° 


2nd] [2] 


2nd] [=] 


2nd] [x-1] 


Space bar 


| oll, ¢|/D 
| (2) O ata) or (2) ¢]Gor [¢JG@ 
| +] (EE *) [KEY] 
| 4] [© *}H 
| (2nd) [CHAR] 5 and} A a,e,i,o,u 
| 2nd [cHaR] 5 6 2nd} C c 
| 2nd) [CHAR] 5 2d) E a,e,i,0,u,y 
| [2nd] [CHAR] 5 6 2nd} N a,n,o 
| (2nd) [CHAR] 5 2nd) O a,e,i,o,u 
| [2nd] [CHAR] 5 2nd) U a,e,i, 0, u, y 
| [2nd] [CHAR] 3 2nd] Q 
| (2nd) [CHAR] 5 6 2nd) S 
| 2nd] [CHAR] 3 2nd} T 
| +] [x] (times) 2nd) H 
| | [STO>! 2nd] R 
| | (= 2nd) V 
| o| (= 2nd) W 
| JD @ 2nd)X @ 
| Fi] 3 +N 
| Fi] 1 70 
| Fi] 2 JS 
Ju oj} F 
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What’s New? 


Introducing 
Advanced 
Mathematics 
Software 
Version 2.0 


Language 
Localization 


Improved User 
Interface 


xiv 


TI developed the Advanced Mathematics For details, refer to: 
Software Version 2.0 to enable Chapter 21 and 22 


downloadable calculator software 
applications for the TI-89 and TI-92 Plus. 


Advanced Mathematics Software Version 2.0 is an infrastructure 
enhancement of the current Advanced Mathematics Software 
Version 1.xx. It has all the features of Version 1.xx. The improved 
infrastructure enables multiple downloadable calculator software 
applications, language localization. This enhancement also provides 
your new TI-89 / TI-92 Plus with maximum reapportionment of the 
over 702-KB Flash memory between user data archive and calculator 
software applications. 


All previous TI-89 and TI-92 Plus Modules can be upgraded to Version 
2.0. However, on some TI-89 and all TI-92 Plus Module units, the user 
data archive can only occupy a maximum of 384-KB of the over 702- 
KB Flash memory shared with calculator software applications. 


You can download Advanced Mathematics Software Version 
2.0 to your computer from the TI web site at education.ti.com, 
then transfer it to your TI-89 / TI-92 Plus using the 

TI™ Connect or Tl GRAPH LINK™ software and a TI-GRAPH LINK 
cable. The Advanced Mathematics Software is free from the TI 
web site at education.ti.com. 


The TI-89 / TI-92 Plus can be localized into For details, refer to: 
other languages. These free applications Chapter 1 


translate prompts, error messages, and 
most functions into one of several 
languages. 


The improved user interface allows folder collapse/expand and 
expands the CATALOG menu to include application functions and 
user-defined functions. 


Upgradability with 
Flash ROM 


Custom Menu 


The TI-89 / TI-92 Plus uses Flash technology, _| For details, refer to: 
which lets you up grade future software Chapter 22 

versions without buying a new calculator. 

As new functionality becomes available, you can electronically 
upgrade your TI-89 / TI-92 Plus. Future software versions include 
maintenance upgrades that will be released free of charge, as well as 


new applications and major future upgrades that will be available for 
purchase from the TI web site. 


To download upgrades from the TI web site, you must have an 
Internet-connected computer, TI™ Connect or TI-GRAPH LINK™ 
software, and a TI-GRAPH LINK cable. You can also transfer the 
product software (operating system) and Flash applications from 
one TI-89 / TI-92 Plus to another using a unit-to-unit cable, provided 
that the receiving calculator is also licensed to run that software. 


New to the TI-92 Plus is the custom menu feature that lets you create 
your own toolbar menu. A custom menu can contain any available 
function, instruction, or set of characters. The TI-92 Plus has a default 
custom menu that you can modify or redefine. 


Getting Started 


Getting the TI-89 Ready to USe .0....eceesceseeceeeseeseeeeeceseeececaeeaeseeseeeteeeees 2 
Getting the TI-92 Plus Ready to Use... eceeeeseseseseeseeeeeeeaeesceeeseeeneneees 3 
Setting the Contrast and Selecting a Language.........eeeeeeeseeeeeeeeeees 4 
Performing Computations............cceeceeeeeeees 8 


Graphing @ FUNCTION ....0.... ee eeseeeeeseceeceseseeseeetseeececesecseeeteessseasasseeeteass 11 


This chapter helps you to get started using the TI-89 / TI-92 Plus 
quickly. This chapter takes you through several examples to 
introduce you to some of the principal operating and graphing 
functions of the TI-89 / TI-92 Plus. 


RAG AUTO FUME 


After setting up your TI-89 / TI-92 Plus and completing these 
examples, please read Chapter 2: Operating the Calculator. You 
then will be prepared to advance to the detailed information 
provided in the remaining chapters in this guidebook. 
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Getting the TI-89 Ready to Use 


Installing the AAA 
Batteries 


Important: When replacing 
batteries in the future, 
ensure that the TI-89 is 
turned off by pressing 

2nd] [OFF]. 


To install the four AAA batteries: 


1. Place the TI-89 face down on a soft cloth to prevent scratching 
the display face. 


2. On the back of the calculator, depress the battery cover latch. Lift 
and remove the battery cover. 


3. Remove the batteries from the package and install them in the 
battery compartment. Arrange the batteries according to the 
polarity (+ and -) diagram in the battery compartment. 


4. Replace the battery cover by inserting the two prongs into the 
two slots at the bottom of the battery compartment, and then 
push the cover until the latch snaps closed. 


To replace the batteries without losing any information stored in 
memory, follow the directions in Appendix C. 


Lithium battery S 
Wa == = 
-—| +] —] + 
AAA batteries 
SP LI sr = 
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Getting the TI-92 Plus Ready to Use 


Installing the AA 
Batteries 


Important: When replacing 
batteries in the future, 
ensure that the TI-92 Plus is 
turned off by pressing 

2nd] [OFF]. 


To install the four AA alkaline batteries: 


1. 


Holding the TI-92 Plus unit upright, slide the latch on the top of the 
unit to the left unlocked position; slide the rear cover down about 
one-eighth inch and remove it from the main unit. 


«—— _ Slide to open. 


Place the TI-92 Plus face down on a soft cloth to prevent 
scratching the display face. 


Install the four AA batteries. Be sure to position the batteries 
according to the diagram inside the unit. The positive (+) terminal 
of each battery should point toward the top of the unit. 


AA batteries 


Lithium battery 


4. Replace the rear cover and slide the latch on the top of the unit to 


the right locked position to lock the cover back in place. 
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Setting the Contrast and Selecting a Language 


Turning the Unit on 
and Adjusting the 
Display Contrast 


Languages on the 
TI-89 / TI-92 Plus 


Important 
Information About 
the Language 
Process 


Note: English cannot be 
deleted and remains 
available in the product 
software (base code). 


After you install the batteries in your TI-89 / TI-92 Plus, press [ON]. It is 
possible that the display contrast may be too dark or too dim to see 
anything. 


To adjust the display to your satisfaction, hold down [¢] (diamond 
symbol inside a green border) and momentarily press (-] (minus key) 
to lighten the display. Hold down [+] and momentarily press [+] (plus 
key) to darken the display. 


You will see a screen that lists several languages. The list of 
languages on your calculator may vary from this example. 


Select A Language 


k English 
Deutsch 
Espatial 
Frangais 
Italiana 
Portugués. 


ESC=CAMCEL 


Languages other than English are available as Flash applications. 
English is part of the product software (base code). You may keep as 
many or as few alternate languages on your calculator as you want 
(subject to memory limitation) and switch between them easily. 
During the process, you will be given an opportunity to choose 
additional languages to keep or delete. You may also add or delete 
language applications through the VAR-LINK screen. 


The TI-89 / TI-92 Plus can be localized into one of several languages. 
Localizing means that all menu names, dialog boxes, error messages, 
etc., will display in the language of your choice. 


The TI-89 / TI-92 Plus can be localized into only one language at a 
time; however, you can keep additional languages on the unit and 
switch the language at any time. 


The initial localization of the TI-89 / TI-92 Plus occurs in three phases: 


¢ Phase I - Select the language in which you would like to localize 
the TI-89 / TI-92 Plus. Future online instructions will appear in the 
selected language. 


¢ Phase II - Read the instructional message that appears in the 
language you selected in Phase I. 


¢ Phase III - The TI-89 / TI-92 Plus is localized into the language you 
selected in Phase I. You can now select one or more language 
applications that you would like to keep on the calculator (in case 
you want to switch to another language later). You can always 
reload one or more language applications later, if necessary. The 
calculator will then automatically delete the unselected 
languages. 
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Localizing the 
TI-89 / TI-92 Plus 


Note: Until you complete 
the localization process, the 
Select a Language dialog 
box will reappear when you 
turn the unit on. 


1. Press the cursor keys (© or ©) to 
move the pointer to the language in 
which you would like to set your 
TI-89 / TI-92 Plus. (The list of 
languages on your calculator may 
vary from this example.) 


2. Press [ENTER 
(Pressing [ESC 
Home screen.) 


3. Read the message that appears and 
then press [ENTER]. 


The message displays in the 
language you previously selected. ——_ 


Select A Language 


k English 
Deutsch 
Esparial 
Frarngais 
Italiana 
Portugues. 


ESC=CANCEL 


to set the TI-89 / TI-92 Plus into the selected language. 
halts the localization process and displays the 


Select additional languages From 


Jansuages vid the YAR-LIME screen 
Taker. Check Wily ticonadca lc For 
Jansuase uFdates. 


4. Press the cursor keys (© or ©) to move the pointer and then 


press [F1] to select each additional language that you would like to 
keep. 
—or— 
Press [F2] to select and keep all of the language applications. 
You cannot uncheck English or the we English 
language you selected in step 1. Deatsch 
~ Esparial 
Tears 
Pressing [Fi] toggles the V on and off. ——- bv Portugués 
CEnters0k 3 «ESC=CANCEL 3 
5. Press [ENTER] to complete the localization process. Additional 


selected languages, if any, are retained in memory and unselected 


languages are deleted to free up Flash memory. (Pressing 


ESC 


halts the localization process and displays the Home screen.) 


If additional language applications remain on your TI-89 / TI-92 Plus, 
you can change the localization language via Page 3 ((F3]) of the Mode 


dialog box. See “Setting Modes” in Chapter 
to use the Mode dialog box. You can add or 
Flash applications via the VAR-LINK screen. 


2 for information on how 
delete language and other 
. See “Transmitting 


Variables, Flash Applications, and Folders” in Chapter 22. 


Language applications are available on the 


enclosed CD and from the 


Texas Instruments web site. For up-to-date information about Flash 


applications, including additional language 
Texas Instruments web site at: 


education.ti.com 


applications, check the 
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About the Home 
Screen 


expressions, and view results. 


After you select a language, a blank Home screen is displayed. 


The Home screen lets you execute instructions, evaluate 


MAIN 


F F 
AIebrapcatc Other] 


RAD AUTO 


Fe FI 
Prario}Clean UF} 


FUME 


nest 


The following example contains previously entered data and 
describes the main parts of the Home screen. Entry/answer pairs in 
the history area are displayed in “pretty print.” Pretty print displays 
expressions in the same form in which they are written on the board 
or in textbooks. 


History Area 

Lists entry/answer pairs 
you have entered. Pairs 
scroll up the screen as 
you make new entries. 


Last Entry 
Your last entry. 


Entry Line 
Where you enter 
expressions or 
instructions. 
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Nt 


vsu( 3] 


ache acre 


FUNC 


& 


ETFL 


Status Line 


sintm 4) 
Pe MAIN FAD AUTO 


Shows the current state 
of the calculator. 


Toolbar 

Lets you display menus for 
selecting operations 
applicable to the Home 
screen. To display a toolbar 
menu, press [F1], [F2], etc. 


Last Answer 

Result of your last entry. 
Note that results are not 
displayed on the entry line. 


Turning the 
TI-89 / TI-92 Plus 


Off 


The following example shows an answer that is not on the same line 
as the expression. Note that the answer is longer than the screen 
width. An arrow (>) indicates the answer is continued. The entry line 
contains ellipsis (...). Ellipsis indicates the entry is longer than the 
screen width. 


Last Entry 

"Pretty print" is ON. 
Exponents, roots, 
fractions, etc., are 
displayed in the same 
form in which they are 
traditionally written. 


Fir] Fer [Fa] Fur] FE Far 
Toe Asche aC alc Deher Pram [ec 1ean Ue 


uty 2 


= comDenom tye ty 


tee 1" 
ue te? ye 2 eye aoe, 


xitextd 


Answer Continues 
Highlight the answer and 
press © to scroll right and 
view the rest of it. Note that 
the answer is not on the 
same line as the 


comlenom? (y"2+yIe Cet Let. 
MAIN RAD AUTO FUNC Len 


expression. 


Expression Continues 
Press © to scroll right and 

'_view the rest of the entry. 
Press (2nd) © or (2nd) ® to go 
to the beginning or end of 
the entry line. 


When you want to turn the TI-89 / TI-92 Plus off, press [2nd] [OFF]. 
(Note: [OFF] is the second function of the (ON 


key.) 
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Performing Computations 


Steps 


Display 


Showing Computations 


1. Compute sin(z/4) and display the : 


. 4 . H Tools AT ebrapate| Other | FramiO}C lean Ue] 
result in symbolic and numeric — :[-] 4D) (ENTER 
format. i(+] (ENTER i 
| [easo() g 
To clear the history area of previous i. fa 
calculations, press (Fi) and select : : : a zin(3] ena 
8:Clear Home. : : Hsintn-43 
bs s [MAIN RAD AUTO FUME EMeLI 
Finding the Factorial of 
Numbers : : : 
1. Compute the factorial of several 35 2nd] [MATH] 7 1 35 2nd) W [ENTER i[feercnbcoral silat roku infereerurl | 
numbers to see how the :[ENTER i i 
TI-89 / TI-92 Plus handles very i i Hee 120) 
large integers. :2 0 (2nd) [MATH] 7 1:2 0(2nd) W(ENTER) Je 20! 2432902nE817éE4n000 
: : ia 3G! 
=(ENTER : H 
To get the factorial operator (!), press } : | EL 
2nd] [MATH], select 7:Probability, and : i : MAIN RAD ATO FUNG FRET] 
then select 1:!. ?3 0 (2nd) [MATH] 7 1 :3 0 (2nd) W(ENTER) 
ENTER i 


Expanding Complex Numbers 


1. Compute (3+5i)? to see how the i(l 3 (4) 5 nd) [<] iC 3 (4) 5 nd) [i] io lecheb meu | 


TI-89 / TI-92 Plus handles ?0) 4) 3 ENTER :0)(4) 3 (ENTER 

computations involving complex : : 

numbers. : : 
fa(34+5-4)° “198 + 10-4 
ifcatoa ns =| 


MAIN RAD AUTO FUME i720 


Finding Prime Factors 


1. Compute the factors of the : F2} 2 i FQ} 2 : resisjargeoraleate|ther|rrsrato|ciean Ue 


rational number 2634492. 726344920) '26344920 
i(ENTER i(ENTER 
You can enter “factor” on the entry : i 
line by typing FACTOR on the i : a factor( 26344925 
keyboard, or by pressing (F2] and i i i 22.5-7-79-397] 
selecting 2:factor(. : : i/Pacbor(sesdqoa) 


= MAIN RAG AUTO FUME PRET) 


2. (Optional) Enter other numbers 
on your own. i 
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Steps 


Expanding Expressions 
1. Expand the expression (x- 5)°. 


You can enter “expand” on the entry 
line by typing EXPAND on the 
keyboard, or by pressing [F2] and 
selecting 3:expand(. 


2. (Optional) Enter other 
expressions on your own. 


Reducing Expressions 


1. Reduce the expression 
(x?- 2x- 5)/(x- 1) to its simplest 
form. 


You can enter ‘propFrac” on the entr) 
line by typing PROPFRAC on the 
keyboard, or by pressing [F2] and 
selecting 7:propFrac(. 


Factoring Polynomials 


1. Factor the polynomial (x?- 5) 
with respect to x. 


You can enter “factor” on the entry 
line by typing FACTOR on the 
keyboard or by pressing [F2] and 
selecting 2:factor(. 


Solving Equations 


1. Solve the equation x?- 2x- 6=2 
with respect to x. 


You can enter “solve(” on the entry 
line by selecting “solve(” from the 
Catalog menu, by typing SOLVE( on 
the keyboard, or by pressing [F2] and 
selecting 1:solve(. 


The status line area shows the 
required syntax for the marked item 
in the Catalog menu. 


Display 


FE For 
Fam O}C lean Ue] 


: expandl (x - 5)*] 
xo 15-x2+75-x - 125 


2/expandé (x-33"3) 
: [HAIN Ral AUTO FUNG FRET 


il(Fiz | Fe- [Fe-| Fas | Fe Fer 
3] [reots|a13ebra/Cate|Dther|Frarmio|ctean Ur} 


: 2 oo. ge 
y IN i]= prorrac| = —= 7 =| 
NTE : EN : morte 
7 i) opFrac(¢x"2-24-g3/tx-1)) 
aN RAD AUTO FUN 10 
aj2 i Fe : roate[indene-ajeate [nner Fe aralo|ciean Ur 
A} 2E)5 ix 5 i 
X iC 
NTE i(EN : 
7 = afactorls= —5, x] 
(x+5)(x-5) 
factoris 2-5, x) 
[MAIN RAD AUTO FUNC RFD 
1 (F2] 
4] 2E) 2X 2XE]6 


* Sphere 
staDewe 


2 [EQUATION VAR 


ilfri-|_Fe-_|Fe-| Fur | FE |. Fe~ 
iJfreots|aigebrafcate|other|Frsrain|ciean Ue 


i 7 solvel x= -Zxe-6=2, x) 

7 x=4door x= "2 
isolvete*2—-Bx-b=2, x 

? [MAIN RAD AUTO FUNC FRET) 


Chapter 1: Getting Started 9 


Steps 


Solving Equations with a Domain 
Constraint 


1. Solve the equation x?- 2x- 6=2 
with respect to x where x is 
greater than zero. 


The “with” (I) operator provides 
domain constraint. 

TI-89: 0 
TI-92 Plus: (nd) [1] 


Finding the Derivative of 
Functions 


1. Find the derivative of 
(x- y)§/(x+y)? with respect to x. 
This example illustrates using the 
calculus differentiation function and 


how the function is displayed in 
‘pretty print” in the history area. 


Finding the Integral of 
Functions 


1. Find the integral of x* sin(x) with i 
respect to x. : 


This example illustrates using the 
calculus integration function. 
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Display 


i aftx-sintxd)eds 


Fo Fi-|_Fe- |Fe-| Ft | FE |. Fe 
Teats|atdebra|tate|gther|Frsrio|Clean Ur 
XG) 2E)2X 
=}20) XD 
1] X i 2 
Tad] [>] 0 a solvels -2e-6=2, x] | xb 
ul : xe4 
ENTER Tsolvetx"Z-2x-6=2, x) [xed 
{MAIN RAUAUTO FUNC 470 
:(2nd [a0 XE 2ndjld] Lt u : roate[andene-ajeate[nencr Fe aralo|ciean Ur 
G30 NA3E Ai a[o&-w* 
YOM 20)X Y¥RIEL2 axle ye 
ENTER ENTER (x2 (e+ Se) 
: (xtup> 
dt Cerys Stet 
? [MAIN RAD AUTO FUNG 4/30 
2nd] [/] X be 2nd) [J] X i roote[indenr-ajeate [nner Fr aealo|ciean Ur 
(2nd) [Sin] XD SIN] XO 7 
i ENTER X DJ ENTE 


Birds) — x costx) 


iTixtsintxa, x? 
= [Mall 


RAG AUTO FUME PRET) 


Graphing a Function 


Steps 


Display 


1. Display the Y= Editor. 


“FLOTS 


ui=ml 
wef 


ee entry line 
yes ria 
yi t= 
MAIN RAG AUTO FUME 
2. Enter the function i(0 (CATALOG) A }(C) End [cataLoc] A i]t 
2. a\_ i i i]-ruors 
(abs(x?- 3)- 10)/2. i ENTER i ENTER i Piet ‘ “pretty print” 
?X4)2E)30 = 2X 2E)3D Seer [se - 3| - 18 —display of the 
1002 1002 i) yes 2 function in the 
(ENTER i(ENTER | 24= enuy lie 
gl (x) =tabstu aoa) 1ere 
: MaAIM RAG AUTO FUME 
3. Display the graph of the iF2) 6 iF2) 6 
function. i i 


Select 6:ZoomStd by pressing 6 or by i 
moving the cursor to 6:ZoomStd and 
pressing (ENTER). 


2 [MAIN RAG AUTO FUME 


4. Turn on Trace. i[F3 :[F3 


The tracing cursor, and the x and y 
coordinates are displayed. 


cursor 


‘wer. 126582 fuer -3. 50901 
7 USE £314 OF TYPE + CESCI=CAMCEL 


— 
a 


5. Open the MATH menu and select :[F5]©@ © ENTER) :[F5} © © [ENTER] sedi. [etenlneacelaetarn(ebNMor suff 
3:Minimum. i : : bieeKe 


Maximum | 
St Intersection 
BiDerivativesr 
Tilted, 
Stinflection 


2 MAIN RAG AUTO FUME 
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Steps 


Display 


6. Set the lower bound. 
Press ® (right cursor) to move the 
tracing cursor until the lower bound 
for x is just to the left of the minimum 
node before pressing (ENTER) the : i 
second time. 3] Lower Bound? 
i] werd. 15924 yet “4, 148935 
: : MAIN RAG AUTO FUME 
7. Set the upper bound. 7®...0 O...0 
Press ® (right cursor) to move the : 
tracing cursor until the upper bound 
for x is just to the right of the 
minimum node. : 
2 Lower Bound? 
Hower 2. 1519 yet “4, 18467 
= TYPE OR USE +34 + CEMTER OF CESC) 
8. Find the minimum point on the : ENTER i ENTER 
graph between the lowerand : 
upper bounds. 
i Minimum 
i] werd. 75205 yet a. 
7 MAIN i RAG AUTO FUNC 
: minimum point 
minimum coordinates 
9. Transfer the result to the Home :[+] [0 :L¢]H ilfresis[ardeoraleatclathcr|er sunlerean un 
screen, and then display the HOME ?(¢] [Home] : 
Home screen. i 
Shortcuts for copying graph e[1.7S2O50R075682 4.9995 
coordinates to Home screen history: i Ci.7s205 -5.] 
TI-89: (6) (6 i 
TI-92 Plus: ry H - MAIN RAG AUTO FUME PRET) 
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Operating the Calculator 


Turning the TI-89 / TI-92 Plus On and Off uu... eeeeceeeeeeeeeeeeeeseeeeeeeteeee 14 
Setting the Display Contrast .0........ceceeceeeseeeeeeeeeseeeeeeeeeeeseesaeeaeeeeeeeteees 15 
The TIH89: KG yWOard i i.eicisccessececescadesegecevazsslesnccacayasctecensesseaeeetedseaasviesesccas 16 
The TI-92 Plus Keyboard. 17, 


Modifier KeyS.........cccccceeeeeee 18 
Entering Alphabetic Characters... 


Home SCLreen.......ccceeeeeeseeeeeeee 23 
Entering Numbe!rs..............0 125 
Entering Expressions and Instructions...........c.ceessceseeseeseeeeneeeeeeeeeeee 26 
Formats of Displayed ReSults..........cccccccccseeseeeeeteeeeesseeseceeseseeeeseeeeeeaes 29 
Editing an Expression in the Entry Line 


Using the Custom Menu... 
Selecting an Application... 
Setting MOdEeS si iiscscccnsistsaectustcaraniatins sis 


Using the Clean Up Menu to Start a New Problem............:eseeeeneee 43 
Using the Catalog Dialog BOX... eeceeceeseeseeserceseeeeeseeeeeeeeseeaeseeeeeaeeee 44 
Storing and Recalling Variable Values. ............cccecseseseseeseeseeeeeeeeeeeeeeaes 47 
Reusing a Previous Entry or the Last Answet...........:.::sssceseseeeereeeeees 49 


Auto-Pasting an Entry or Answer from the History Area. 
Status Line Indicators in the Display............ 
Finding the Software Version and ID Numbet..............:eceeseseeeeeeeees 55 


This chapter gives a general overview of the TI-89 / TI-92 Plus and 
describes its basic operations. By becoming familiar with the 
information in this chapter, you can use the TI-89 / TI-92 Plus to 
solve problems more effectively. 


resis|insebraléarelamncelerstunlcrean uel | 

ei.y-4.2 y.i4 

. 2.4 .rrl429 
i fE 

ncos( 7] =, 

cos tnd) 
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The Home screen is the most commonly used application on the 
TI-89 / TI-92 Plus. You can use the Home screen to perform a wide 
variety of mathematical operations. 
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Turning the TI-89 / TI-92 Plus On and Off 


Turning the 
TI-89 / TI-92 Plus 
On 


Turning the 
TI-89 / TI-92 Plus Off 


Note: [oFF] is the second 
function of the [ON] key. 


APD (Automatic 
Power Down) 


Batteries 


Press [ON]. 


¢ Ifyou turned the unit off by pressing (2nd) [OFF], the TI-89 / TI-92 Plus 
returns to the Home screen. 


¢ Ifyou turned the unit off by pressing [+] [OFF] or if the unit turned 
itself off through APD, the TI-89 / TI-92 Plus returns to whichever 
application you used last. 


You can use either of the following keys to turn off the TI-89 / TI-92 Plus. 


Press: Description 

2nd) [OFF] Settings and memory contents are retained by the 
(press (2nd Constant Memory™ feature. However: 

and then You cannot use (2nd] [OFF] if an error message is 
press [OFF] ) 


displayed. 


¢ When you turn the TI-89 / TI-92 Plus on again, it 
always displays the Home screen (regardless of 
the last application you used). 


+) [OFF] Similar to (2nd) [OFF] except: 

(press [+] * You can use [+] [OFF] if an error message is 
aslo displayed 

press [OFF] ) PAyed: 


¢ When you turn the TI-89 / TI-92 Plus on again, it 
will be exactly as you left it. 


After several minutes without any activity, the TI-89 / TI-92 Plus turns 
itself off automatically. This feature is called APD. 


When you press [ON], the TI-89 / TI-92 Plus will be exactly as you left it. 


¢ The display, cursor, and any error conditions are exactly as you 
left them. 


¢ Allsettings and memory contents are retained. 


APD does not occur if a calculation or program is in progress, unless 
the program is paused. 


The TI-89 uses four AAA alkaline batteries and a back-up lithium 
battery. The TI-92 Plus uses four AA alkaline batteries and also has a 
back-up lithium battery. To replace the batteries in either calculator 
without losing any information stored in memory, follow the 
directions in Appendix C. 
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Setting the Display Contrast 


Adjusting the 
Display Contrast 


When to Replace 
Batteries 


Tip: The display may be 
very dark after you change 
batteries. Use [+] =] to 
lighten the display. 


Using the TI-92 Plus 
Cover as a Stand 


Note: Slide the tabs at the 
top-sides of the TI-92 Plus 
into the slots in the cover. 


You can adjust the display contrast to suit your viewing angle and 
lighting conditions. 


To: Press and hold both: 
Decrease (lighten) the contrast ¢) and [- 
Increase (darken) the contrast ¢) and [+ 
TI-89 contrast keys TI-92 Plus contrast keys 
VAR-LINK O VAR-LINK 
Al ‘1 
cHAR UU @® cua 
rea a hl 


If you press and hold [¢] [-] or [+] [+] too long, the display may go 
completely black or blank. To make finer adjustments, hold [+] and 
then tap [-Jor [+] . 


As the batteries get low, the display begins to dim (especially during 
calculations) and you must increase the contrast. If you have to 
increase the contrast frequently, replace the four alkaline batteries. 


The status line along the bottom of the display also gives battery 
information. 


Indicator in status line Description 
EATT Batteries are low. 
EATT Replace batteries as soon as possible. 


When using the TI-92 Plus on a desk or table top, you can use the 
snap-on cover to prop up the unit at one of three angles. This may 
make it easier to view the display under various lighting conditions. 
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The TI-89 Keyboard 


Overview of Some ———— Y 


Importa nt Keys 43 Texas INSTRUMENTS TI-89 


Fi] through [2nd] [Fs] 
function keys let you 
select toolbar menus. 
Used with [+], you can 
also select applications ESC] cancels a menu or 
(page 39). dialog box. 


Y= F7WINDOW F8_GRAPH 


) Ce) 


LG 


@,®, ©, and © move 


2nd), t), and [alpha 
the cursor. 


¢], (J, an 
modify the action of 
other keys (page 18). 


APPS] lets you select an 
application (page 38). 


HOME] displays the Home 
screen, where you 
perform most 
calculations. 


CLEAR] erases the entry 
ine. Also used to delete an 
entry/answer pair in the 
history area. 


X, Y, and Z are often 
used in symbolic 
calculations. 


MAIO M WEMON vanune CATALOG] lets you select 


Cs ) Ce ) -)h from a list of functions 


y R UES Gu U@ and instructions (page 44). 


C2CVGy 
OFF < Vv > W ANS entry = 


MODE] lets you view and 
change mode settings that 
determine how numbers 
and graphs are interpreted, 
calculated, and displayed 
(page 40). 


Adjust the contrast by 
pressing [¢] [-] (lighten) or 
+) [4] (darken). 


ENTER] evaluates an expression, 
executes an instruction, selects a 
menu item, etc. 


You can use [s] [ENTER] to display an 
approximate numerical result. 


Moving the Cursor To move the cursor in a particular direction, press the appropriate 
cursor key (@, ©, ©, or ©). 


Some TI-89 applications also let you press: 


¢ (2nd) © or (2nd) ® to move to the beginning or end of a line. 


¢ [2nd] © or [2nd] © to move up or down one screen at a time. 


. 
¢) 


© or [+] © to move to the top or bottom of a page. 


* @®and@, © and Q, © and ©, or © and © to move diagonally. 
(Press the indicated cursor keys simultaneously.) 
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The TI-92 Plus Keyboard 


Keyboard Areas The keyboard is divided into several areas of related keys. 
: Cursor Pad 
Function Keys Moves the display 


Access the toolbar menus 
displayed across the top 
of the screen. 


cursor in up to 8 
directions, depending 
on the application. 


TI-92 Plus 


Wp Texas INSTRUMENTS 


(Pemlpiseora|cerclother|Pramto|ciesn up| _ | 


FAD AUTO FUNC O/S0 


Application ee a ee oe 
Shortcut Keys : 

Used with the 

+} key to let you 
select commonly Eclipse 
used | i 


applications. S = = : 
QWERTY Keyboard Calculator Keypad 
Enters text characters Performs a variety of 
just as you would ona math and scientific 
typewriter. operations. 

Cursor Pad To move the cursor, press the applicable edge of the cursor pad. This 


guidebook uses key symbols such as © and O to indicate which 
side of the cursor pad to press. 


For example, press ©) to move the © 
cursor to the right. 
Note: The diagonal directions O O 
(©, etc.) are used only for geometry 
and graphing applications. 
6) 
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Modifier Keys 


Modifier Keys 


Note: For information about 
using [#] and [alpha], refer to 
“Entering Alphabetic 
Characters” on page 21. 


Examples of 
and [+] Modifiers 


18 


Modifier 


2nd 
(second) 


4 


(diamond) 


(shift) 


alpha 
(TI-89 only) 


J (hand) 
(TI-92 Plus only) 


Description 


Accesses the second function of the next key you 
press. On the keyboard, these are printed in the 
same color as the [2nd] key. 


Activates keys that select certain applications 
(page 39), menu items, and other operations from 
the keyboard. On the keyboard, these are printed in 
the same color as the [+] key. 


Types an uppercase character for the next letter 
key you press. [t] is also used with ® and @ to 
highlight characters in the entry line for editing 
purposes. 


Used to type alphabetic letters, including a space 
character. On the keyboard, these are printed in 
the same color as the [alpha] key. 


Used with the cursor pad to manipulate geometric 


objects. []) is also used for drawing on a graph. 


The [ESC 


The following TI-89 example shows using the 
key. 


with the 


ESC 


2nd 


[auit] accesses 
QUIT, which is the 
same color as the 


key is one of several keys that can perform three 
operations, depending on whether you first press 


2nd) or [¢]. 


2nd 


or (¢ 


modifier key 


x fF [PASTE] accesses PASTE, 


which is the same color as 
QUIT PASTE he [>] key. 


2nd 


key. 


The following TI-92 Plus example shows using the 


| 


ESC] accesses the 
key’s primary 
function. 


or [¢ 


modifier 


key with the Y alphabetic key. 


(2nd) [>] accesses > 


(convert) 


convert symbol is 


the same co 


{+} [TABLE] displays the 
Table screen. The word is 
the same color as the [+ 
key. 


. The 


oras 


the (2nd 
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key. | 


Pressing the 
primary key types 
the letter Y. 


Other Important 
Keys You Need to 
Be Familiar With 


Note: Some keystrokes 
differ between the TI-89 and 
the TI-92 Plus. See the 
Keystroke Differences table 
in the front of this guidebook 
for a complete list. 


Some keys perform only one additional operation, which may require 
either (2nd] or [+], depending on the color in which the operation is 
printed on the keyboard and where it is positioned above the key. 


On the TI-89, [+] [cuT] 
7 accesses CUT, which 
CUT is the same color as 
2nd the [+] key. 


When you press a modifier such as [2nd] or [+], a 2ND or @ indicator 
appears in the status line at the bottom of the display. If you press a 
modifier by accident, press it again (or press [ESC] ) to cancel its 
effect. 


Key Description 


+} [Y=] Displays the Y= Editor (Chapter 6). 


¢)[winDow] Displays the Window Editor (Chapter 6). 


] [GRAPH] Displays the Graph screen (Chapter 6). 


+} [ThiSet] Sets parameters for the Table screen (Chapter 13). 
} [TABLE] Displays the Table screen (Chapter 13). 
TI-89: These keys let you edit entered information by 
[+] [cuT] performing a cut, copy, or paste operation. 
[+] [COPY] 
[+] [PASTE] 
TI-92 Plus: 
¢] X (cut) 
¢] C (copy) 
¢] V (paste) 
2nd) [eI] Switches the active side in a split screen (Chapter 14). 


2nd] [CUSTOM] Toggles the custom menu on and off (page 37). 


2nd] [>] Converts measurement units (Chapter 4). 
TI-89: Designates a measurement unit (Chapter 4). 
[+] [-] 
TI-92 Plus: 
2nd] [_] 
= Deletes the character to the left of the cursor 
(backspaces). 
2nd] [INS] Toggles between insert and overtype mode for 


entering information (page 33). 


] [DEL] Deletes the character to the right of the cursor. 
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Important Keys Key Description 


(continued) TI-89: Enters the “with” operator, which is used in symbolic 
I calculations (Chapter 3). 
TI-92 Plus: 
2nd) [1] 
2nd) [/], Performs integrations and derivatives (Chapter 3). 
2nd] [a] 
2nd] [4] Designates an angle in polar, cylindrical, and spherical 


coordinates. 


2nd] [MATH] Displays the MATH menu. 


2nd] [MEM] Displays the MEMORY screen (Chapter 21). 


2nd Displays the VAR-LINK screen for managing variables 
[VAR-LINK] | and Flash applications (Chapter 21). 


2nd) [RCL] Recalls the contents of a variable (page 48). 


TI-89: Displays the UNITS dialog box (Chapter 4). 
2nd] [UNITS] 


TI-92 Plus: 
¢] [UNITS] 


2nd] [CHAR] Displays the CHAR menu, which lets you select Greek 
letters, international accented characters, etc. 
(Chapter 18). 


2nd) [ANS], Recalls the previous entry and the last answer, 
2nd] [ENTRY] respectively (page 49). 
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Entering Alphabetic Characters 


Entering a Letter 
Character on the 
TI-89 


Typing Alphabetic 
Characters on the 
TI-89 / TI-92 Plus 


Note: On the TI-89, you do 
not need [alpha] or alpha-lock 
to type x, y, z, ort. But you 
must use [#] or uppercase 
ALPHA-lock for X, Y, Z, or T. 


Note: On the TI-89, alpha- 
lock is always turned off 
when you change 
applications, such as going 
from the Text Editor to the 
Home screen. 


The letters x, y, z, and t are commonly used in algebraic expressions. 
So that you can type them quickly, these letters are primary keys on 


the TI-89 keyboard. 


x] Ly] Ez] bt 


Other letters are available as the [alpha] function of another key, 


similar to the [2nd] and [+ 


For example: 


[’] types ’, which 


is the same color as = 7 


the 


To: 

Type a single 
lowercase 
alpha 
character. 


Type a single 
uppercase 
alpha 
character. 


Type a space. 


Turn on 
lowercase 
alpha-lock. 


Turn on 
uppercase 
ALPHA-lock. 


Turn off alpha- 
lock. 


2nd) key. 


i 4] [a-lock] 
? (status line shows Ml) 


[=] 


! On the TI-89, press: 

? [alpha] and then the letter 
ikey 

? (status line shows 11) 


i t] and then the letter key i 
? (status line shows *) 


i alpha) [..] (alpha function 
? of the [©] key) 


i 2nd] [a-lock] 
? (status line shows Ml) 


i alpha] (turns off upper- 
? and lowercase lock) 


modifiers described in the previous section. 


[A] types an A, 
which is the same 
color as the [alpha] key. 


! On the TI-92 Plus, press: 
? the letter key 


t] and then the letter key 


? (status line shows *) 


? spacebar 


i (no action needed) 


: [2nd] [CAPs] 


: [2nd] [CAPS] (turns off 
? uppercase lock) 
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Typing Alphabetic 
Characters ... 
(continued) 


Automatic Alpha- 
Lock in TI-89 Dialog 
Boxes 


Note: To type a number, 
press [alpha] to turn alpha- 
lock off. Press [alpha] or 

2nd] [a-lock] to resume typing 
letters. 


rc} 


For Special 
Characters 


On the TI-89, while either type of alpha-lock is on: 


¢ To type a period, comma, or other character that is the primary 
function of a key, you must turn alpha-lock off. 


¢ To type a second function character such as [{], you do not 
need to turn alpha-lock off. After you type the character, alpha- 
lock remains on. 


There are certain times when you do not need to press [alpha] or 

2nd) [a-lock] to type alphabetic characters on the TI-89. Automatic 
alpha-lock is turned on whenever a dialog box is first displayed. The 
automatic alpha-lock feature applies to these dialog boxes: 


Dialog box Alpha-lock 


Catalog dialog box All commands are listed in alphabetical 
order. Press a letter to go to the first 
command that begins with that letter. See 
page 44 for more information. 


Units dialog box In each unit category, type the first letter of a 
unit or constant. See Chapter 4 for more 
information. 


Dialog boxes with entry These include, but are not limited to: Create 

fields New Folder, Rename, and Save Copy As. See 
page 35 for more information about dialog 
boxes. 


Alpha-lock is not turned on in dialog boxes that require numeric- 
only entries. The dialog boxes that accept only numeric entries are: 
Resize Matrix, Zoom Factors, and Table Setup. 


Use the [2nd] [CHAR] menu to select from a variety of special 
characters. For more information, refer to “Entering Special 
Characters” in Chapter 18. 
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Home Screen 


Displaying the When you turn on the TI-89 / TI-92 Plus after it has been turned off with 
Home Screen 2nd} [OFF], the display always shows the Home screen. (If the 


TI-89 / TI-92 Plus turned itself off through APD™, the display shows the 


previous screen, which may or may not have been the Home screen.) 
To display the Home screen at any time: 


¢ Press: 
TI-89: [HOME 
TI-92 Plus: [¢ ] [HOME] 
—or— 

* Press [2nd] [QUIT] 
—or— 

¢ Press: 
TI-89: [APPS] [alpha] A 
TI-92 Plus: [APPS] A 


Parts of the Home The following example gives a brief description of the main parts of 
Screen the Home screen. 
History Area 


Lists entry/answer pairs 
you have entered. 


Fir Fer Fa+] Fur FS For 


display menus for selecting 


Pretty Print Display : d 
Shows exponents, 7 eae 4.2 r.l4 operations. 
roots, fractions, etc., . 
in traditional form. — wPrl4e9 
Refer to page 29. 
rT] cos( | 42 — Last Answer 
Last Entry 4 Z Result of your last entry. 
Your last entry. Note that results are not 
HAH FAD AUTO FUNC =a displayed on the entry line. 
Entry Line 
Where you enter | 
expressions or Status Line 
instructions. Shows the current state 
of the TI-89 / TI-92 Plus. 
History Area The history area shows up to eight previous entry/answer pairs 


(depending on the complexity and height of the displayed 
expressions). When the display is filled, information scrolls off the 
top of the screen. You can use the history area to: 


* Review previous entries and answers. You can use the cursor to 
view entries and answers that have scrolled off the screen. 


¢ Recall or auto-paste a previous entry or answer onto the entry 
line so that you can re-use or edit it. Refer to pages 50 and 52. 
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Scrolling through 
the History Area 


To: 


View entries or answers 
that have scrolled off 
the screen 


Go to the oldest or newest 
history pair 


Note: For an example of View an entry or answer 
viewing a long answer, refer _ that is too long for one 


to page 28. 


History Information 
on the Status Line 


line (* is at end of line) 


Return the cursor to the 
entry line 


Normally, the cursor is in the entry line. However, you can move the 
cursor into the history area. 


Do this: 
1. From the entry line, press © to 
highlight the last answer. 


2. Continue using © to move the 
cursor from answer to entry, up 
through the history area. 


If the cursor is in the history area, press 
+] © or [+] ©, respectively. 


Move the cursor to the entry or answer. 
Use © and © to scroll left and right (or 
2nd) © and [2nd] ® to go to the beginning 
or end), respectively. 


Press [ESC], or press © until the cursor is 
back on the entry line. 


Use the history indicator on the status line for information about the 
entry/answer pairs. For example: 


If the cursor Total number of Maximum number 
is on the pairs that are \ / of pairs that can 
entry line: currently saved. be saved. 

8/30 
If the cursor Pair number of af Xa Total number of 
is in the the highlighted pairs that are 
history area: entry or answer. currently saved. 


By default, the last 30 entry/answer pairs are saved. If the history 
area is full when you make a new entry (indicated by 30/30), the new 
entry/answer pair is saved and the oldest pair is deleted. The history 


indicator does not change. 


Modifying the To: 


History Area 


24 


Change the number of 
pairs that can be saved 


Clear the history area 
and delete all saved pairs 


Delete a particular 
entry/answer pair 
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Do this: 

Press [Fi] and select 9:Format, or press 
TI-89: [+][1] TI-92 Plus: (¢] F. Then 
press (, use © or © to highlight the 
new number, and press [ENTER] twice. 


Press [Fi] and select 8:Clear Home, or 
enter ClrHome on the entry line. 


Move the cursor to either the entry or 
answer. Press [+] or [CLEAR]. 


Entering Numbers 


Entering a Negative 1. Press the negation key ©]. (Do not use the subtraction key (-].) 
Number 


2. Type the number. 


To see how the TI-89 / TI-92 Plus evaluates a negation in relation to 
other functions, refer to the Equation Operating System (EOS™) 
hierarchy in Appendix B. For example, it is important to know that 
functions such as x? are evaluated before negation. 

Evaluated as -(22) 


Use [(] and [J to include 


parentheses if you have a 32 a 
any doubt about how a 2 
: a atc2) 4 
negation will be sie 
evaluated. PRIN FAD AUTO FUNC e750 
Important: Use (=) for If you use [=] instead of [(-] (or vice versa), you may get an error 
subtraction and use message or you may get unexpected results. For example: 
(] for negation. 
* Q9[x](Q)}7 = -63 
— but — 
9 [x][-] 7 displays an error message. 
* 6E)2=4 
— but — 
6 ()2 = - 12 since it is interpreted as 6(- 2), implied multiplication. 
* ©)20)4=2 
— but — 


=] 2 4] 4 subtracts 2 from the previous answer and then adds 4. 


Entering a Number 1. Type the part of the number that precedes the exponent. This 


in Scientific value can be an expression. 
Notation 2. Press: 
TI-89: [EE 


TI-92 Plus: (2nd] [EE] 
E appears in the display. 


3. Type the exponent as an integer with up to 3 digits. You can use a 
negative exponent. 


Entering a number in scientific notation does not cause the answers 
to be displayed in scientific or engineering notation. 


The display format is determined by 


the mode settings (pages 29 through = ae 1.2545 
31) and the magnitude of the Ca I a 
number. \_ Represents 123.45 x 10°? 
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Entering Expressions and 


Instructions 


Definitions Expression 


Operator 


Note: Appendix A describes Function 
all of the TI-89 / TI-92 Plus 

built-in functions and 

instructions. 


Note: This guidebook uses Instruction 
the word command as a 

generic reference to both 

functions and instructions. 


Consists of numbers, variables, operators, functions, 
and their arguments that evaluate to a single answer. 
For example: nr2 +3. 


¢ Enter an expression in the same order that it 
normally is written. 


¢ Inmost places where you are required to enter a 
value, you can enter an expression. 


Performs an operation such as +, -, *, %. 


* Operators require an argument before and after the 
operator. For example: 4+5 and 52. 


Returns a value. 


¢ Functions require one or more arguments 
(enclosed in parentheses) after the function. For 
example: /(5) and min(5,8). 


Initiates an action. 
¢ Instructions cannot be used in expressions. 


¢« Some instructions do not require an argument. For 
example: ClrHome. 


¢« Some require one or more arguments. For 
example: Circle 0,0,5. 


-__ For instructions, do not put the 
arguments in parentheses. 


Implied The TI-89 / TI-92 Plus recognizes implied multiplication, provided it 
Multiplication does not conflict with a reserved notation. 
If you enter: The TI-89 / TI-92 Plus interprets it as: 
Valid 2n 2* nm 
4 sin(46) 4 sin(46) 
5(1+2) or (1+2)5 5* (142) or (14+2)*5 
[1,2]a [a 2a] 
2(a) 2*a 
Invalid xy Single variable named xy 
a(2) Function call 
a[1,2] Matrix index to element a[1,2] 
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Parentheses 


Entering an 
Expression 


Example 


Note: You can also select 
log by using 
TI-89: (CATALOG 
TI-92 Plus: (2nd) [CATALOG] 
(page 44). 


Entering Multiple 
Expressions ona 
Line 


Expressions are evaluated according to the Equation Operating 
System (EOS™) hierarchy described in Appendix B. To change the 


order of evaluation or just to 


ensure that an expression is evaluated 


in the order you require, use parentheses. 


Calculations inside a pair of parentheses are completed first. For 


example, in 4(1+2), EOS first 
answer by 4. 


evaluates (1+2) and then multiplies the 


Type the expression, and then press [ENTER] to evaluate it. To enter a 


function or instruction name 


¢ Press its key, if available. 
TI-92 Plus: (SIN). 
—or— 


on the entry line, you can: 


For example, press TI-89: (2nd) [SIN] or 


¢ Select it from a menu, if available. For example, select 2:abs from 
the Number submenu of the MATH menu. 


— or — 


¢ Type the name letter-by-letter from the keyboard. (On the TI-89, 
use [alpha] and [2nd] [a-lock] to type letters.) You can use any mixture 
of uppercase or lowercase letters. For example, type sin( or Sin(. 


Calculate 3.76 = (-7.9+ 5) +2log 45, &x2mple- 
On the TI-89: n the TI-92 Plus:! Display 
3.766 .76E :[3.76/(-7. 941 | 
U7 .9 G7 .9 i 2nd) [v-] inserts \( because its 
+) (2nd) lv 2nd) [v1 ? argument must be in parentheses. 
500 NO :[3.76/(-7.9+1(5)) | 
i Use [J once to close (5) and 
: again to close (~7.9 + V5). 
¥2 2 :[3.76/(-7.94+(5) )+210g(45) 
2nd) [a-lock] L 0 G [alpha] ¢L 0 G log requires () around its 
0456 45D i argument. 
ENTER NTER 
3.76 
"3+ +2: log(453 
2.642535) 


Type the function name in this 


fal iC AUTO FUNC 


i S.fb/t “7, 9400S +2 logt4s) 
i i ATH Fa FRET) 


To enter more than one 
expression or instruction 


Displays last result only. — 


at a time, separate them e5ea: 2eb 2 5/2 
with a colon by pressing Stat ssbiarb 
2 HARI Rab AUTO FUNC if30 


2nd] [:]. 


Ls» is displayed when you press [STO» 
to store a value to a variable. 
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If an Entry or 
Answer Is Too Long 
for One Line 


Note: When you scroll to 
the right, ¢ is displayed at 
the beginning of the line. 


Continuing a 
Calculation 


Example 


Stopping a 
Calculation 


When you press [ENTER 


In the history area, if both the entry and its answer cannot be 
displayed on one line, the answer is displayed on the next line. 


If an entry or answer is too long to 
fit on one line, > is displayed at the 


end of the line. 


To view the entire entry or answer: 


. expandl (x + zy] 
x? 414x594 94-254 200-x'F 
expand (xt20°73 


MaAlH RAD AUTO FUNC i750 


1. Press © to move the cursor from the entry line up into the history 
area. This highlights the last answer. 


As necessary, use © and © to highlight the entry or answer you 


want to view. For example, © moves from answer to entry, up 


through the history area. 


3. Use ® and © or [2nd] ® and 


2nd) © to scroll right and left. 


4. To return to the entry line, 


press [ESC]. 


. expandl (x + zy") 
4 


expand( (xt20e73 
HalH FAD AUTO FUNC ivi 


to evaluate an expression, the 

TI-89 / TI-92 Plus leaves the expression on the entry line and highlights 
it. You can continue to use the last answer or enter a new 
expression. 


If you press: 


+), E), [x], E 


’ ’ 


A], or [STO> 


Any other key 


The TI-89 / TI-92 Plus: 


, Replaces the entry line with the variable ans(1), 
which lets you use the last answer as the 


beginning of another expression. 


Erases the entry line and begins a new entry. 


Calculate 3.76 + (- 7.9 + V5). Then add 2 log 45 to the result. 


On the TI-89: On the TI-92 Plus: Display 
3.769007.98 3.769007.9H : | az ee 
2nd) [v] 50) 0) (ENTER ?(2nd) [-] 5D) 0) ENTER “7.94 )5 ‘ 

: © - 6638497 75220355 + 2: loot 

i 2.64259 
+] 2 2nd) [a-lock] LO G [alpha] 3] 2 LOG ans(lt2logt45) 

: MAIN RAG AUTO FUME ERED) 
45D 2L( 45D When you press [4], the entry 
ENTER FENTER line is replaced with the 


variable ans(1), which 
contains the last answer. 
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There may be a delay before the “break” 
message is displayed. 


Press [ESC] to return to the current application. 


When a calculation is in progress, BUSY appears on the right end of 
the status line. To stop the calculation, press [ON]. 


ERROR 


Ergak 


+ ELESCSCANCEL 


Formats of Displayed Results 


Pretty Print Mode 


Exact/Approx Mode 


Note: By retaining fractional 
and symbolic forms, EXACT 
reduces rounding errors that 
could be introduced by 
intermediate results in 
chained calculations. 


By default, Pretty Print = ON. Exponents, roots, fractions, etc., are 
displayed in the same form in which they are traditionally written. 


You can use [MODE] to turn pretty print off and on. 


Pretty Print 
ON OFF 


x-3 2, n/2, V((x- 3)/2) 


The entry line does not show an expression in pretty print. If pretty 
print is turned on, the history area will show both the entry and its 
result in pretty print after you press [ENTER]. 


By default, Exact/Approx = AUTO. You can use [MODE] to select from 
three settings. 


Because AUTO is a combination of 


the other two settings, you should be 
familiar with all three settings. 


EXACT — Any result that is not a whole number is displayed in a 
fractional or symbolic form (1/2, 7, 2, etc.). 


e252 5] —— Shows whole-number results. 

aZ.o-3 15-2) 

=eed 2 

need 32} —— Shows simplified fractional results. 
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[MIM _—sSRAYENAGT FUNG aaa | 

e200 2-n}| —— Shows symbolic x. 

2 = — Shows symbolic form of roots that 
= cannot be evaluated to a whole 

aljare7 236 number. 

It4e7o 

MAIN RAD EXACT FUME FRET) 

2/7 Press [s] [ENTER] to temporarily 
ae 7 - override the EXACT setting and 
ajar Pasaed display a floating-point result. 
tt4e7o 
MAIM RAG EXACT FUME yee 
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Exact/Approx 
(continued) 


Note: Results are rounded 
to the precision of the 
TI-89 / TI-92 Plus and 
displayed according to 
current mode settings. 


Tip: To retain an EXACT 
form, use fractions instead 
of decimals. For example, 
use 3/2 instead of 1.5. 


Tip: To evaluate an entry in 
APPROXIMATE form, 
regardless of the current 
setting, press («] (ENTER). 


APPROXIMATE — All numeric results, where possible, are displayed 
in floating-point (decimal) form. 


"25-2 a. ; 

a2.5-3 7.5| ——_———— Fractional results are 

63 a evaluated numerically. 

m6e4 1.5 

b/4 

MAIN RAD APPRON FUME yazan 

22-7 6.28319] ————— Symbolic forms, where 
E possible, are evaluated 

> .Torigr numerically. 

alae7 rodeo 

It4e7o 

MAIN RAG APPRON FUME ERELI 


Because undefined variables cannot be evaluated, they are 
treated algebraically. For example, if the variable r is undefined, 
mre = 3.14159-r2. 


AUTO — Uses the EXACT form where possible, but uses the 
APPROXIMATE form when your entry contains a decimal point. Also, 
certain functions may display APPROXIMATE results even if your 
entry does not contain a decimal point. 


a2-1 2-7 ' . 

a2.-n 6.28319) —————— A decimal in the entry forces a 
: floating-point result. 

—F 2 ee 
7 

. = .Po5929 

Chere) 

MAIM RAG AUTO FUME Chri 


The following chart compares the three settings. 


Exact Approximate Auto 
Entry Result Result Result 
8/4 2 2. 2 
8/6 4/3 1.33333 4/3 
8.5*3 51/2 25.5 25.5 —— Adecimal in the 


entry forces a 


floating-point 
V(2)/2 ve .707107 ve result in AUTO. 
TQ 2m 6.28319 2m 
TT 2. 2m 6.28319 6.28319 
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Display Digits Mode 


Note: Regardless of the 
Display Digits setting, the 
full value is used for internal 
floating-point calculations to 
ensure maximum accuracy. 


Note: A result is 
automatically shown in 
scientific notation if its 
magnitude cannot be 
displayed in the selected 
number of digits. 


Exponential Format 
Mode 


Note: In the history area, a 
number in an entry is 
displayed in SCIENTIFIC if 
its absolute value is less 
than .001. 


By default, Display Digits = FLOAT 6, which means that results are 
rounded to a maximum of six digits. You can use [MODE] to select 
different settings. The settings apply to all exponential formats. 


Internally, the TI-89 / TI-92 Plus calculates and retains all decimal 
results with up to 14 significant digits (although a maximum of 12 are 


displayed). 
Setting Example Description 
FIX 123. (FIX 0) Results are rounded to the 
(0 — 12) 123.5 (FIX 1) selected number of decimal 
123.46 (FIX 2) places. 
123.457 (FIX 3) 
FLOAT 123.456789012 Number of decimal places varies, 
depending on the result. 
FLOAT 1.62 (FLOAT 1) Results are rounded to the total 
(1-12) 1.262 (FLOAT 2) number of selected digits. 
123. (FLOAT 3) 
123.5 (FLOAT 4) 
123.46 (FLOAT 5) 
123.457 (FLOAT 6) 
By default, Exponential Format = NORMAL. 1PHORMAL 
You can use [MODE] to select from three TNT HEER HG 
settings. 
Setting Example Description 
NORMAL 12345.6 If a result cannot be displayed in the 
number of digits specified by the 
Display Digits mode, the 
TI-89 / TI-92 Plus switches from 
NORMAL to SCIENTIFIC for that 
result only. 
SCIENTIFIC 1.23456e 4 1.23456 x 104 
— Exponent (power of 10). 


ENGINEERING ~ 12.3456e 3 


Always 1 digit to the left of the 
decimal point. 


12.3456 x 10° 
Exponent is a multiple of 3. 


May have 1, 2, or 3 digits to the 
left of the decimal point. 
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Editing an Expression in the Entry Line 


Removing the 
Highlight from the 
Previous Entry 


Moving the Cursor 


Note: If you accidentally 
press © instead of © or ®, 
the cursor moves up into the 
history area. Press [ESC] or 
press © until the cursor 
returns to the entry line. 


Deleting a Character 


Clearing the Entry 
Line 


32 


ENTER 


After you press 


to evaluate an expression, the TI-89 / TI-92 Plus 
leaves that expression on the entry line and highlights it. To edit the 
expression, you must first remove the highlight; otherwise, you may 
clear the expression accidentally by typing over it. 


To remove the highlight, 
move the cursor toward 
the side of the expression 


. sin[¥] 


MaAlH 


RE 
2 
FAD AUTO 


FUNC i750 


you want to edit. 


L @® moves the cursor to the 
end of the expression. 


@ moves the cursor to the beginning. 


After removing the highlight, move the cursor to the applicable 
position within the expression. 


To move the cursor: Press: 

Left or right within an expression. @or@® Hold the pad to 
repeat the 
movement. 

To the beginning of the expression. 2nd) © 

To the end of the expression. 2nd) ® 

To delete: Press: 

The character tothe [= Hold [=] to delete multiple 

left of the cursor. characters. 

The character to the el (= 

right of the cursor. 

All characters to the — [CLEAR If there are no characters to the 

right of the cursor. (once only) right of the cursor, [CLEAR] erases 


the entire entry line. 


To clear the entry line, press: 


e (CLEAR 
—or— 
e (CLEARJ (CLEAR 


if the cursor is at the beginning or end of the entry line. 


if the cursor is not at the beginning or end of the 


entry line. The first press deletes all characters to the right of the 
cursor, and the second clears the entry line. 
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Inserting or 
Overtyping a 
Character 


Tip: Look at the cursor to 
see if you're in insert or 
overtype mode. 


Replacing or 
Deleting Multiple 
Characters 


Tip: When you highlight 
characters to replace, 
remember that some 
function keys automatically 
add an open parenthesis. 


The TI-89 / TI-92 Plus has both an insert and an overtype mode. By 
default, the TI-89 / TI-92 Plus is in the insert mode. To toggle between 
the insert and overtype modes, press [2nd] [INS]. 


If the TI-89 / TI-92 Plus is in: 


Inserh mode 


Thin cursor between 
characters 


The next character you type: 
Will be inserted at the cursor. 


Will replace the highlighted 
character. 


OQverfiupe mode 


Cursor highlights 
a character 


First, highlight the applicable characters. Then, replace or delete all 
the highlighted characters. 


To: Do this: 
Highlight multiple 1. Move the cursor to either side of the 
characters characters you want to highlight. 
wi) g 
Bintm43 
MaIW Rab AUTO FUNC PRET 
To replace sin( with cos(, place 
the cursor beside sin. 
2. Hold [#] and press © or @ to highlight 
characters left or right of the cursor. 
. sin[] 2 
E es 4 
HMaIW Rab AUTO FUNC PRET 
Hold (#] and press ® ® © ©. 
Replace the Type the new characters. 
highlighted 
characters . sin(] oe 
costed) 
= Or HaAIW Rab AUTO FURC if30 
Delete the Press [+]. 
highlighted 
characters 
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Menus 


Displaying a Menu Press: 


Selecting an Item 


Fi), (F21, 
etc. 


APPS 


2nd] [CHAR] 


2nd] [MATH] 


TI-89: 
CATALOG 


TI-92 Plus: 
2nd] [CATALOG] 


2nd] [CUSTOM] 


To display: 


A toolbar menu — Drops down from the toolbar at the 
top of most application screens. Lets you select 
operations useful for that application. 


APPLICATIONS menu — Lets you select from a list of 
applications. Refer to page 38. 


CHAR menu — Lets you select from categories of 
special characters (Greek, math, etc.). 


MATH menu — Lets you select from categories of 
math operations. 


CATALOG menu — Lets you select from a complete, 
alphabetic list of the TI-89 / TI-92 Plus’s built-in 
functions and instructions. Also lets you select user- 
defined functions or Flash application functions (if 
any have been defined or loaded). 


CUSTOM menu — Lets you access a menu that you 
can customize to list any available function, 
instruction, or character. The TI-89 / TI-92 Plus includes 
a default custom menu, which you can modify or 
redefine. Refer to page 37 and to Chapter 17. 


To select an item from the displayed menu, either: 


from a Menu ¢ Press the number or letter shown to the left of that item. For a 
letter on the TI-89, press [alpha] and then a letter key. 
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— or — 


e Use the cursor pad © and © to highlight the item, and then press 


ENTER]. (Note that pressing © from the first item moves the 


highlight to the last item, and vice versa.) 


_———r ~ indicates that a menu will drop down 
: from the toolbar when you press [F2]. 


—— To select factor, press 2 or © [ENTER]. 
This closes the menu and inserts the 
function at the cursor location. 


approx ¢ 
PcomDenom? 


FipropFract 
Sinsolvec 
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Items Ending with If you select a menu item ending with >, a submenu is displayed. You 
> (Submenus) then select an item from the submenu. 


Note: Because of limited 
screen size, the TI-89 
overlaps these menus as: 


— For example, List displays a 
submenu that lets you select a 
specific List function. 


product ¢ 


Lo \ indicates that you can use 


the cursor pad to scroll down 
for additional items. 


For items that have a submenu, you can use the cursor pad as 
described below. 


* To display the submenu for the highlighted item, press @. 
(This is the same as selecting that item.) 


¢ To cancel the submenu without making a selection, press ©. 
(This is the same as pressing [ESC].) 


¢ To wrap to the last menu item directly from the first menu item, 
press ©. To wrap to the first menu item directly from the last 
menu item, press ©. 


Items Containing “...’ If you select a menu item containing “. . .” (ellipsis marks), a dialog 
(Dialog Boxes) box is displayed for you to enter additional information. 


For example, Save Copy As... 
displays a dialog box that prompts 
you to select a folder name and 

. type a variable name. 


iDelete 
Clear Home 


ba] 
6 
ra 
3 


SAVE COPY AS 
> indicates that you can press @ to 
display and select from a menu. 


Type: Text 
Folder: 
Variable: 


Main 


An input box indicates that you 
SEMGFESHVE * _ SESESEHNCEL must type a value. (Alpha-lock is 
| automatically turned on for the 


TI-89. See page 22.) 


After typing in an input box such as Variable, you must 
press [ENTER] twice to save the information and close 
he dialog box. 


Canceling a Menu To cancel the current menu without making a selection, press [ESC]. 
Depending on whether any submenus are displayed, you may need to 
press [ESC] several times to cancel all displayed menus. 
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Moving from One To move from one toolbar menu to another without making a 
Toolbar Menu to selection, either: 


Another ¢ Press the key ((F1], [F2], etc.) for the other toolbar menu. 
—or— 
¢ Use the cursor pad to move to the next (press Q ) or previous 
(press © ) toolbar menu. Pressing ® from the last menu moves to 
the first menu, and vice versa. 


When using (, be sure that an item with a submenu is not 
highlighted. If so, ® displays that item’s submenu instead of moving 
to the next toolbar menu. 


Example: Selecting Round the value of 7 to three decimal places. Starting from a clear 
a Menu Item entry line on the Home screen: 


1. Press [2nd] [MATH] to display the MATH menu. 


2. Press 1 to display the Number 
submenu. (Or press [ENTER] since 
the first item is automatically 
highlighted.) 


3. Press 3 to select round. (Or press 


© © and [ENTER].) 
4. Press [2nd] [x]C)3 DO) and then 


‘. Sround(m, 3) 3.142 
ENTER] to evaluate the expression. |-a nan. 33 
MAIN | Rab AUTO FUNC PRET 


Selecting the function in 
Step 3 automatically 
typed round( on the 
entry line. 
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Using the Custom Menu 


Turning the Custom When you turn on the custom menu, it replaces the normal toolbar 

Menu On and Off menu. When you turn it off, the normal menu returns. For example, 
from the Home screen’s normal toolbar menu, press [2nd] [CUSTOM] to 
toggle the custom menu on and off. 


Note: You can also turn the roate[indene-ajeave[nencr Fe aralo|cieat Ur iar [ees allinteenatn| ti 
custom menu on and off by a 
entering CustmOn or 2nd) [custom] : xe 
CustmOff in the entry line Stsolvec amd» tx.y9) 
and pressing (ENTER). 
MAIN RAG AUTO FUME PRET] TYRE OR USE +34 + CEMTERI OF ESC) 
Home screen normal toolbar menu Custom menu 


Unless the menu has been modified, the default custom menu 


appears. 
Tip: A custom menu can Menu Function 
give you quick access to ; 
commonly used items. Fi] Var Common variable names. 
Chapter 17 shows you how : 
to create custom menus for F2] f(x) Function names such as f(x), g(x), and f(x,y). 
pia eee riest F3] Solve Items related to solving equations. 
F4] Unit Common units such as _m, _ ft, and _l. 
[F5} Symbol Symbols such as #, ?, and ~. 
Internat’! Commonly accented characters such as é, é,and é. 
TI-89: [2nd] [Fé] 
TI-92 Plus: [F6 
Tool ClrHome, NewProb, and CustmOff. 
TI-89: (2nd) [F7] 
TI-92 Plus: [F7 
Restoring the If a custom menu other than the default is displayed and you want to 
Default Custom restore the default: 
Menu 1. From the Home screen, use [2nd] [CUSTOM] to turn off the custom 


menu and display the Home screen’s normal toolbar menu. 


Note: The previous custom 2. Display the Clean Up toolbar menu, faidudébraldazlarleee | 


menu is eeenae that menu and select 3:Restore custom default. 

was created with a program aan 

(Chapter 17), it can be TI-89: (2nd) [F6] 

recreated later by running TI-92 Plus: [Fé 

the program again. This pastes the commands used to create the default menu into 


the entry line. 


3. Press [ENTER] to execute the commands and restore the default. 
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Selecting an Application 


From the 
APPLICATIONS Menu 


Note: To cancel the menu 
without making a selection, 
press (ESC). 


1. Press 


2. Select an application. Either: 


¢ Use the cursor pad © or © to 
highlight the application and 


then press [ENTER]. 


— or — 


¢ Press the number or letter for 


APPS] to display a menu that lists the applications. 


AFFLICATIOM 


ae Window Editor 

4: Gra ape 

a! Tab 

Ee DataMatrix Editor & 
ti 


Program Editor r 
+Text Editor a 


that application. 
Application: Lets you: 
FlashApps Display a list of Flash applications, if any. 


Y= Editor 


Window Editor 


Graph 


Table 


Data/Matrix Editor 


Program Editor 


Text Editor 


Numeric Solver 


Home 


Define, edit, and select functions or 
equations for graphing (Chapters 6 — 11). 


Set window dimensions for viewing a graph 
(Chapter 6). 
Display graphs (Chapter 6). 


Display a table of variable values that 
correspond to an entered function 
(Chapter 13). 


Enter and edit lists, data, and matrices. You 
can perform statistical calculations and 
graph statistical plots (Chapters 15 and 16). 


Enter and edit programs and functions 
(Chapter 17). 


Enter and edit a text session (Chapter 18). 


Enter an expression or equation, define 
values for all but one variable, and then solve 
for the unknown variable (Chapter 19). 


Enter expressions and instructions, and 
perform calculations. 
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From the Keyboard 


You can access commonly used applications from the keyboard. On 
the TI-89 for example, [¢] [Y=] is the same as pressing [+] and then [F1]. 
This guidebook uses the notation (¢] [Y=], similar to the notation used 
in second functions. 


4 Texas INSTRUMENTS TI-89 


Application: Press: 


a Applications listed 
Home TI-89: [HOME above [Fi], [FZ] etc., 
TI-92 Plus: [¢ ] [HOME] are printed in the 


same color as [+]. 


Y= Editor ¢] [Y=] 


Window Editor[+] [winDow] 


Y= WINDOW GRAPH _TBLSet _TABLE 


Graph ] [GRAPH] CG) Cr) Cs) Cra) Crs) 


Table Setup } [Thlset] 


Table Screen [+] [TABLE] 


(ous) C OC OC CD 


On the TI-92 Plus, applications are listed above the QWERTY keys. 


Applications 


Diamond key 
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Setting Modes 


Checking Mode Press [MODE] to display the MODE dialog box, which lists the modes 
Settings and their current settings. 


There are three pages of mode listings. 
Press [Fi], (F2], or (F3] to quickly display a 
particular page. 


MODE 
Fa Fe. slpoae > indicates that you can 
Fade 1]rade z]pade 5 : 
[ete sf lea >| : press © or @ to display 
and select from a menu. 


Indicates you can 
scroll down to see 
additional modes. 


Pretty Print .... 


Enter=sAve EScScaWcel 


Note: Modes that are not currently valid are dimmed. For example, 
on Page 2, Split 2 App is not valid when Split Screen = FULL. When you 
scroll through the list, the cursor skips dimmed settings. 


Changing Mode From the MODE dialog box: 


Settings 1 


. Highlight the mode setting you want to change. Use © or © (with 
F1), (F2], or [F3]) to scroll through the list. 


2. Press ® or © to display a menu that lists the valid settings. The 
current setting is highlighted. 


Tip: To cancel a menu and 3. Select the applicable setting. Either: 


return to the MODE dialog 
box without making a « Use ©or @ to highlight the setting and press [ENTER]. 


selection, press (ESC). —or— 
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« Press the number or letter for that setting. 
4. Change other mode settings, if necessary. 


5. When you finish all your changes, press [ENTER] to save the 
changes and exit the dialog box. 


Important: If you press [ESC] instead of [ENTER] to exit the MODE 
dialog box, any mode changes you made will be canceled. 
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Overview of the 
Modes 


Note: For detailed 
information about a 
particular mode, look in the 
applicable section of this 
guidebook. 


Mode 
Graph 


Current 
Folder 


Display 
Digits 


Angle 


Exponential 
Format 


Complex 
Format 


Vector 
Format 


Pretty Print 


Split Screen 


Split 1 App 


Split 2 App 


Number of 
Graphs 


Graph 2 


Split Screen 
Ratio 


Exact/Approx 


Description 


Type of graphs to plot: FUNCTION, PARAMETRIC, 
POLAR, SEQUENCE, 3D, or DE. 

Folder used to store and recall variables. Unless you 
have created additional folders, only the MAIN folder 
is available. Refer to “Using Folders to Store 
Independent Sets of Variables” in Chapter 5. 


Maximum number of digits (FLOAT) or fixed number 
of decimal places (FIX) displayed in a floating-point 
result. Regardless of the setting, the total number of 
displayed digits in a floating-point result cannot 
exceed 12. Refer to page 31. 


Units in which angle values are interpreted and 
displayed: RADIAN or DEGREE. 


Notation used to display results: NORMAL, 
SCIENTIFIC, or ENGINEERING. Refer to page 31. 


Format used to display complex results, if any: 
REAL (complex results are not displayed unless you 
use a complex entry), RECTANGULAR, or POLAR. 
Format used to display 2- and 3-element vectors: 
RECTANGULAR, CYLINDRICAL, or SPHERICAL. 
Turns the pretty print display feature OFF or ON. 
Refer to page 29. 

Splits the screen into two parts and specifies how the 
parts are arranged: FULL (no split screen), 
TOP-BOTTOM, or LEFT-RIGHT. Refer to Chapter 14. 
Application in the top or left side of a split screen. If you 
are not using a split screen, this is the current application. 
Application in the bottom or right side of a split 
screen. This is active only for a split screen. 

For a split screen, lets you set up both sides of the 
screen to display independent sets of graphs. 

If Number of Graphs = 2, selects the type of graph in 
the Split 2 part of the screen. Refer to Chapter 12. 
Proportional sizes of the two parts of a split screen: 
1:1, 1:2, or 2:1. (TI-92 Plus only) 

Calculates expressions and displays results in 


numeric form or in rational/symbolic form: AUTO, 
EXACT, or APPROXIMATE. Refer to page 29. 
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Modes Mode 
(continued) Base 
Unit System 


42 


Custom Units 


Language 


Description 


Lets you perform calculations by entering numbers in 
decimal (DEC), hexadecimal (HEX), or binary (BIN) form. 
Lets you enter a unit for values in an expression, 
such as 6_m * 4_m or 23_m/_s * 10_s, convert values 
from one unit to another within the same category, 
and create your own user-defined units. 

Lets you select custom defaults. The mode is dimmed 
until you select Unit System, 3:CUSTOM. 

Lets you localize the TI-89 / TI-92 Plus into one of 
several languages, depending on which language 
Flash applications are installed. 
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Using the Clean Up Menu to Start a New Problem 


Clean Up Toolbar 
Menu 


TI-89: [2nd] [Fé] 
TI-92 Plus: [F6 


ar ass 


eure 
Sikestore custom default 


TYPE OR USE 3+ + CEMTERI OF CESC) 


From the Home screen, display the Clean Up menu by pressing: 


Clears (deletes) all single-character variable names 
in the current folder, unless the variables are locked 
or archived. You will be prompted to press [ENTER] to 


Single-character variable names are often used in 


If any of the variables have already been assigned a 
value, your calculation may produce misleading 
results. To prevent this, you can select 1:Clear a—z 
before beginning the calculation. 


Places NewProb in the entry line. You must then 
press [ENTER] to execute the command. 


NewProb performs a variety of operations that let you 
begin a new problem from a cleared state without 


¢ Clears all single-character variable names in the 
current folder (Same as 1:Clear a—z), unless the 
variables are locked or archived. 


« Turns off all functions and stat plots (FnOff and 
PlotsOff) in the current graphing mode. 


¢ Performs ClrDraw, ClrErr, ClrGraph, ClrHome, 


If a custom menu other than the default is in effect, 
this lets you restore the default. Refer to page 37. 


Menu Item Description 
Clear a—z 
confirm the action. 
Tip: When defining a 
variable that you want to symbolic calculations such as: 
retain, use more than one 
character in the name. This solve(a:x2+b+x+c=0,x) 
prevents it from being 
deleted inadvertently by 
1:Clear az. 
Note: For information about NewProb 
checking and resetting 
memory or other system 
defaults, refer to 
Chapter 21. 
resetting the memory: 
CirlO, and CirTable. 

Restore 

custom 

default 
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Using the Catalog Dialog Box 


Displaying the To display the CATALOG dialog box, press: 
CATALOG TI-89: [CATALOG 
TI-92 Plus: [2nd] [CATALOG] 


The CATALOG defaults to [F2] Built-in, which displays an alphabetic 
list of all pre-installed TI-89 / TI-92 Plus commands (functions and 
instructions). 


F3]and [(F4] allow access to 
Flash application functions 
Defaults to and User-Defined functions 
F2) Built-in. and programs. 


Fi] Help is reserved for |S —_Z tating 


F 7a] Le LT 
a future online help Ht Fcleutt~in Flash AFFS serviced | 


Flash application. 


arclent 


EXPR 


Note: Options that are not currently valid are dimmed. For 
example, [Fi] Help is reserved for a future online help Flash 
application. [F3] Flash Apps is dimmed if you have not installed a 
Flash application. [F4] User-Defined is dimmed if you have not 
created a function or a program. 


Selecting a Built-in When you select a command, its name is inserted in the entry line at 
Command from the the cursor location. Therefore, you should position the cursor as 
CATALOG necessary before selecting the command. 


1. Press: 


TI-89: (CATALOG 
TI-92 Plus: [2nd] [CATALOG] 


2. Press [F2] Built-in. 


Note: The first time you - ___EATALDG — ¢ Commands are listed in 

ee ti ales eh i ; user tatined alphabetical order. Commands that 
starts at the top of the list. : 

The next time you display do not start with a letter 

the list, it starts at the same (+, %, V, =, etc.) are at the end of 
place you left it. the list. 


¢ To exit the CATALOG without 
selecting a command, press [ESC]. 
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Tip: From the top of the list, 
press © to move to the 
bottom. From the bottom, 
press © to move to the top. 


Information about 
Parameters 


Note: For details about the 
parameters, refer to that 
command's description in 
Appendix A. 


Selecting a Flash 
Application 
Function 


3. Move the > indicator to the command, and press [ENTER]. 


To move the > indicator: Press or type: 

One command at a time Gore 

One page at a time 2nd] © or (2nd) © 

To the first command that The letter key. (On the TI-89, do 


begins with a specified letter not press [alpha] first. If you do, 
you need to press [alpha] or 

2nd] [a-lock] again before you can 

type a letter.) 


For the command indicated by >, the status line shows the required 
and optional parameters, if any, and their type. 


CATALOG 


Indicated command 


and its parameters Oa | 


From the example above, the syntax for factor is: 


“—~—_ Brackets [ ] indicate 
optional parameters. 


factor(expression) required 
—or— 
factor(expression,variable) optional 


A Flash application may contain one or more functions. When you 
select a function, its name is inserted in the entry line at the cursor 
location. Therefore, you should position the cursor as necessary 
before selecting the function. 


1. Press: 


TI-89: [CATALOG 


TI-92 Plus: [2nd] [CATALOG] 


2. Press [F3] Flash Apps. (This option is dimmed if no Flash 
applications are installed in the TI-89 / TI-92 Plus.) 


¢ The list is alphabetized by function 
name. The left column lists functions. 
: The right column lists the Flash 
Fpipefurngl¢ ... 


papefunié --+P4 application that contains the function. 


Pipefurnse ... 


¢ Information about a function is 
displayed in the status line. 


ERPREAVARI 


¢ To exit without selecting a function, 
press [ESC]. 
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Selecting a 
User-Defined 
Function or 
Program 


Note: Use the VAR-LINK 
screen to manage 
variables, folders, and 
Flash applications. See 
Chapter 21. 


3. Move the > indicator to the function, and press [ENTER]. 


To move the > indicator: Press or type: 


Gore 
One page at a time 2nd] © or [2nd] © 


The letter key. (On the TI-89, do 
not press [alpha] first. If you do, 
you need to press [alpha] or 

2nd) [a-lock] again before you can 
type a letter.) 


One function at a time 


To the first function that 
begins with a specified letter 


You can create your own functions or programs and then use 

F4] User-Defined to access them. For instructions on how to create 
functions, see “Creating and Evaluating User-Defined Functions” in 
Chapter 5, and “Overview of Entering a Function” in Chapter 17. See 
Chapter 17 for instructions on how to create and run a program. 


When you select a function or program, its name is inserted in the 
entry line at the cursor location. Therefore, you should position the 
cursor as necessary before selecting the function or program. 


1. Press: 
TI-89: (CATALOG 
TI-92 Plus: [2nd] [CATALOG] 


2. Press [F4] User-Defined. (This option is dimmed if you have not 
defined a function or created a program.) 


CATALOG : ¢ The list is alphabetized by function / 
program name. The left column lists 
functions and programs. The right 
column lists the folder that contains 
the function or program. 


¢ If the function or program’s first line is 
a comment, the comment text is 
displayed in the status line. 


Finds cubic PoTenenial 


¢ To exit without selecting a function or 
program, press |ESC}. 


3. Move the > indicator to the function or program, and press [ENTER]. 


To move the > indicator: Press or type: 


One function or program ata @or® 
time 


One page at a time 2nd] © or [2nd] © 


The letter key. (On the TI-89, do 
not press [alpha] first. If you do, 
you need to press [alpha] or 

2nd) [a-lock] again before you can 
type a letter.) 


To the first function or 
program that begins with a 
specified letter 
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Storing and Recalling Variable Values 


Rules for Variable 
Names 


Examples 


Data Types 


A variable name: 


¢« Can use 1 to 8 characters consisting of letters and digits. This 
includes Greek letters (but not 1), accented letters, and 
international letters. Do not include spaces. 


— The first character cannot be a digit. 


¢ Can use uppercase or lowercase letters. The names AB22, Ab22, 
aB22, and ab22 all refer to the same variable. 


¢« Cannot be the same as a name that is preassigned by the 
TI-89 / TI-92 Plus. Preassigned names include: 


— Built-in functions (such as abs) and instructions (such as 
LineVert). Refer to Appendix A. 


— System variables (such as xmin and xmax, which are used to 
store graph-related values). Refer to Appendix B for a list. 


Variable Description 

myvar OK 

a OK 

Log Not OK, name is preassigned to the log function. 
Log1 OK 

3rdTotal Not OK, starts with a digit. 

circumfer Not OK, more than 8 characters. 


You can save any TI-89 / TI-92 Plus data type as a variable. For a list of 
data types, refer to getType() in Appendix A. Some examples are: 


Data Types Examples 

Expressions 2.54, 1.2566, 2x, xmin/10, 2+3%, (x- 2)2, 2/2 
Lists {2 46 8}, {11 2} 

Matrices [1 0 0], [} : ; | 

Character strings “Hello”, “The answer is:”, “xmin/10” 

Pictures 


Functions myfunc(arg), ellipse(x,y,r1,r2) 
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Storing a Value ina 1. Enter the value you want to store, which can be an expression. 
Variable 2. Press [STO>]. The store symbol (> ) is displayed. 
Note: TI-89 users should 3. Type the variable name. 
use [alpha] as necessary a5 +87 + numl 517) 
when typing variable names. 4. Press [ENTER]. S+e°S4nund 

Mal Rab AUTO FURC if30 


To store to a variable temporarily, you can use the “with” operator. 
Refer to “Substituting Values and Setting Constraints” in Chapter 3. 


i i 1. T the variabl me. 
a ° — a om 
1 
2. Press [ENTER]. a aD AUTO FUNC PRE 


If the variable is undefined, the variable name is shown in the result. 


Note: Refer to Chapter 3 for In this example, the variable a is 


: : : : sia = hurl 517 
information about symbolic undefined. Therefore, it is used as a ff ead os +517 
manipulation. : j 
symbolic variable. Fumita 
Mal Rab AUTO FUNC fo 
Using a Variable in 1. Type the variable name into the 
2 5 a3-numil 1551 
an Expression expression. = umd 517 
i 
2. Press [ENTER] to evaluate the Han FAD AUTO FUNC EEO 
Tip: To view a list of existing expression. The variable’s value — 


variable names, use 


2nd} [VAR-LINK] as described in 
Ne ae If you want the result to replace the 


did not change. 


P 5 3 e3- num + num 1551 
variable’s previous value, you must w FURL 1551 
store the result. rari 
HMalW Rab AUTO FURC zf30 
Recalling a In some cases, you may want to use a variable’s actual value in an 
Variable’s Value expression instead of the variable name. 


1. Press [2nd] [RCL] to display a dialog [ridislinddora Firelatier re seualcaey ur| | 
box. 
2. Type the variable name. Recall: 
. CEntersok 9 (CESCSCANCEL 3 
3. Press [ENTER] twice. 


eq 
Han FAD AUTO FUNC Oreo 


In this example, the value stored in num1 will be inserted at the 
cursor position in the entry line. 
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Reusing a Previous Entry or the Last Answer 


Reusing the When you press [ENTER] to evaluate an expression, the TI-89 / TI-92 Plus 
Expression on the leaves that expression on the entry line and highlights it. You can 
Entry Line type over the entry, or you can reuse it as necessary. 


For example, using a variable, find the square of 1, 2, 3, etc. 


As shown below, set the initial variable value and then enter the 
variable expression. Next, reenter to increment the variable and 
calculate the square. 


Tip: Reexecuting an entry Qn the TI-89: ? On the TI-92 Plus: ! Display 

‘as is” is useful for iterative 7 

calculations that involve 0 STO») :0 STO» rl 

vanabies: 2nd) [a-lock] N UM ENUM {enum 

= = [RIM Kab AUTO FUNC ifs0 

ENTER [ENTER : 
NU M(aioha] (4) 1 (STO>) NU MG) 1 STO _ Eee z 
Zi] [atock] NU M :NUM Slain e trum i 
2nd} [:] NUM[4] 2 i2nd)[:] NUM(A) 2 ilpumtdonumi num 
ENTER : ENTER i HHaIW Kab AUTO FUNC 2f30 
ENTER] (ENTER : (ENTER) (ENTER eas nue al 


2 
2 


~ 


He num +i +hum ' num 


Hmnum +i num rum 4 
Pm num +i hum = fur = q 
2) nun nur 


: Mal RAG AUTO FUNC reo 
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Tip: Editing an entry lets 
you make minor changes 
without retyping the entire 
entry. 


Note: When the entry 
contains a decimal point, the 
result is automatically 
displayed in floating-point. 


Recalling a Previous 
Entry 


Note: You can also use the 
entry function to recall any 
previous entry. Refer to 
entry() in Appendix A. 


Using the equation A=rr?, use trial and error to find the radius of a 
circle that covers 200 square centimeters. 


The example below uses 8 as the first guess and then displays the 
answer in its approximate floating-point form. You can edit and 
reexecute using 7.95 and continue until the answer is as accurate as 
you want. 


On the TI-89: ? On the TI-92 Plus: Display 
8 [STO>] [alpha] R2nd)[:] £8 (STO>) RGnd[:] : 2 
a : x Hosen fo omer 64-1 
2nd) [ x ] [alpha] R [A] 2 :[2nd [x] RE] 2 iSarrae7e 
ENTER = [ENTER : [inl Rab AUTO FUNC FREI 
*) (ENTER] i(e] [ENTER : 
i iegar ot mre 64-n 
ileger ror? 201. 862 
: ?/B3re mre? 
i 7 LMAlH Rab AUTO FUNC erst 
@@) [be] ?© [peu : 4 
7. 9 5(ENTER #7 . 9 5(ENTER S/R ee eam 
iegar ot are 201.062 
e7.95or iar’ 198.557 
if. GSSr mre 


[MAM RAG AUTO FUNC EAE0 


You can recall any previous entry that is stored in the history area, 
even if the entry has scrolled off the top of the screen. The recalled 
entry replaces whatever is currently shown on the entry line. You can 
then reexecute or edit the recalled entry. 


To recall: Press: Effect: 

The last entry 2nd) [ENTRY] If the last entry is still shown on 

(if you’ve changed once the entry line, this recalls the 

the entry line) entry prior to that. 

Previous entries 2nd) [ENTRY] Each press recalls the entry 
repeatedly prior to the one shown on the 


entry line. 


For example: 


Fir) Fer [For] Far] FE For 
Too sa ebra| Calc iO thee | Pr ario| Clean Ue 


If the entry line contains 

the last entry, [2nd [ENTRY] \ eSeprnp2 6d-n 
recalls this entry. wes ea a a2 saicnee 
If the entry line is edited ——|#7?-952r i mr? 198,557 
or cleared, [2nd] [ENTRY] Pa 


recalls this entry. 
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Recalling the Last 
Answer 


Note: Refer to ans() in 
Appendix A. 


Each time you evaluate an expression, the TI-89 / TI-92 Plus stores the 
answer to the variable ans(1). To insert this variable in the entry line, 


press (2nd 


[ANS]. 


For example, calculate the area of a garden plot that is 1.7 meters by 
4.2 meters. Then calculate the yield per square meter if the plot 
produces a total of 147 tomatoes. 


1. Find the area. 


1.7 [x] 4.2 [ENTER 
2. Find the yield. 
147 


Just as ans(1 


2nd] [ANS] 


ENTER 


e1.7-4.2 7.14 
147 
"=a 20, 5882 


idfeanstla 
arn) FAD AUTO FUNC ErED 


Variable ans(1) is 
inserted, and its value is 
used in the calculation. 


always contains the last answer, ans(2), ans(3), etc., 


also contain previous answers. For example, ans(2) contains the 
next-to-last answer. 
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Auto-Pasting an Entry or Answer from the History Area 


Why Use Auto-Paste The effect of using auto-paste is similar to [2nd] [ENTRY] and (2nd) [ANs] as 
described in the previous section, but there are differences. 


For entries: Pasting lets you: 2 


Fs 


d) [ENTRY] lets you: 


Insert any previous Replace the contents of the 
entry into the entry _ entry line with any previous 


line. entry. 

Note: You can also paste 

information by using the 

Fi] toolbar menu. Refer to . 7 

“Cutting, Copying, and For answers: Pasting lets you: 2nd) [ANS] lets you: 

Pasting Inf ion” il ESE a Pe eI PT PET es 

San s eieean Insert the displayed Insert the variable ans(1), 
value of any which contains the last 
previous answer answer only. Each time you 
into the entry line. enter a calculation, ans(1) is 

updated to the latest answer. 
Auto-Pasting an 1. On the entry line, place the cursor where you want to insert the 
Entry or Answer entry or answer. 


2. Press © to move the cursor up into the history area. This 
highlights the last answer. 


Tip: To cancel auto-paste 3. Use ©@ and © to highlight the entry or answer to auto-paste. 
and return to the entry line, 


press (ESC). * @moves from answer to 
entry up through the history Led 
area. q 
It 
2s = tan| = ss 
Tip: To view an entry or ¢ You can use © to highlight chasis aap 
answer too long for one line items that have scrolled off aN RAD AUTO FUE =z 
(indicated by » at the end of 
the line), use © and © or the screen. 
2nd} ® and [2nd ©. 4. Press (ENTER). 
2 
The highlighted item is inserted *(cos|3]] ied 
in the entry line. 7 tan BS ] E 
SintneSi*2ttcostne soe 
Mal AC AUTO FUNC ees0 


This pastes the entire entry or answer. If you need only a part of the 
entry or answer, edit the entry line to delete the unwanted parts. 
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Status Line Indicators in the Display 


Status Line 
Indicators 


Note: To cancel (2nd), [+], 
alpha], or[#], press the same 
key again or press a 
different modifier key. 


Note: If the next key you 
press does not have a 
diamond feature or an 
associated letter, the key 
performs its normal 
operation. 


MAIN cA RAD AFFROR G1 FUNC SSO 


Modifier 
Key 


Current 
Folder 


Exact/Approx 


Graph Replace 
Number Batteries 
(G#1 on the 


Angle TI-92 Plus 
Mode Graph 


Mode 


History Pairs, 
Busy/Pause, 
Mode Locked Variable 


Indicator 


Current 
Folder 


Modifier Key 


2nd 


Meaning 

Shows the name of the current folder. Refer to 
“Using Folders to Store Independent Sets of 
Variables” in Chapter 5. MAIN is the default folder 
that is set up automatically when you use the 
TI-89 / TI-92 Plus. 


Shows which modifier key is in effect, as described 
below. 


2nd) — will use the second function of the next key 
you press. 


¢] — will use the diamond feature of the next key 
you press. 


alpha] — will type the lowercase letter for the next 
key you press. 


2nd) [a-lock] — lowercase alpha-lock is on. Until you 
turn this off, will type the lowercase letter for each 
key you press. To cancel alpha-lock, press [alpha]. 


+] [alpha] — uppercase ALPHA-lock is on. Until you 
turn this off, will type the uppercase letter for each 
key you press. To cancel ALPHA-lock, press [alpha]. 


[t] — will type the uppercase letter for the next key 
you press. On the TI-89, you can use [t] to type a 
letter without having to use [alpha]. 


Shows the units in which angle values are 
interpreted and displayed. To change the Angle 
mode, use the [MODE] key. 


Radians 


Degrees 
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Status Line Indicator 
(continued) Exact/ 


54 


Approx 
Mode 


AUTO 
EXACT 
APPROX 


Meaning 


Shows how answers are calculated and displayed. 
Refer to page 29. To change the Exact/Approx mode, 
use the [MODE] key. 


Auto 
Exact 


Approximate 


Graph 
Number 


If the screen is split to show two independent graphs, 
this indicates which graph is active — GR1 or GR2. 
(Displays G#1 or G#2 on the TI-92 Plus.) 


Graph 
Mode 


FUNC 
PAR 
POL 
SEQ 
3D 
DE 
Battery 


History Pairs, 
Busy/Pause, 
Archived 


23/30 
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Indicates the type of graphs that can be plotted. To 
change the Graph mode, use the [MODE] key. 


y(x) functions 

x(t) and y(t) parametric equations 
r(8) polar equations 

u(n) Sequences 

z(x,y) 3D equations 

y'(t) differential equations 


Displayed only when the batteries are getting low. If 
BATT is shown with a black background, change the 
batteries as soon as possible. 


The information shown in this part of the status line 
depends on the application you are using. 


Displayed on the Home screen to show the number 
of entry/answer pairs in the history area. Refer to 
page 24. 


A calculation or graph is in progress. 
You paused a graph or program. 


The variable opened in the current editor 
(Data/Matrix Editor, Program Editor, or Text Editor) 
is locked or archived and cannot be modified. 


Finding the Software Version and ID Number 


Displaying the 
“About” Screen 


When Do You Need 
this Information? 


From the Home screen, press 
F1] and then select A:About. 


Your screen will be different 
than the one shown to the right. 


Press [ENTER] or [ESC] to close the 
screen. 


fica 

? Cop 

ifaste 
Delete 


iClear Home 
iFormat... 
TH ass 


TI-B8 Hardware Version 2.00 
Advanced Mathematics Sorkware 
Version 2.00 Beka. Boe 1999 
Produce [D: Foz-1-1-37 

W152 OBHBL 1iBs 
Cerk. Rau. He 


Copyridht & 1999 Texas Instruments. 
Al rights reserved, 


The information on the About screen is intended for situations 


such as: 


¢ If you obtain new or upgraded software for your TI-89 / TI-92 Plus, 
you may need to provide your current software version and/or the 


ID number of your unit. 


¢ Ifyou have difficulties with your TI-89 / TI-92 Plus and need to 
contact technical support, knowing the software version may 
make it easier to diagnose the problem. 
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Symbolic Manipulation 


Preview of Symbolic Manipulation ............cccccescsceceseeseeeeeseeseeseeeeeeees 58 
Using Undefined or Defined Variables .......0.....ccececeeseeereeeeeeeeeeeeeeeeeee 59 
Using Exact, Approximate, and Auto Modes ...0......ceeeeeeseeseeeeeeeeeee 61 


Automatic Simplification..........ccccecceeseeeeeteeseeeees 
Delayed Simplification for Certain Built-In Functions... 
Substituting Values and Setting Constraints ............ . 67 


Overview of the Algebra Menu..............0:0 70 
Common Algebraic Operations [72 
Overview of the Calc Menu........cccceeeeseseececceeceeeeeeeseeeeeeceeaeeeeeeeeeeaes 75 
Common Calculus Operations........c.cccccccceceseeseceeceeeeseeseeeeeeeeseeeaeeeeeee 76 
User-Defined Functions and Symbolic Manipulation ..................068 77 
If You Get an Out-of-Memory Error.........cccccccccscsscsseeseeseceeeeeeeseeeseeeees 79 
Special Constants Used in Symbolic Manipulation ..............cccceeeee 80 


This chapter is an overview of the fundamentals of using 
symbolic manipulation to perform algebraic or calculus 
operations. 


Fir [F2-] Fur [FE Fer 
A1ebr alate Other] Pr aralD]c lean UF} 
xed a 


2:x 1 
/ s S 
weg x71 


Bexpandi(x + 3)-(x + 27) 
ROtoxt+6 


expand( (xt33 Cxted 
MAIN RAD AUTO FUNC 


You can easily perform symbolic calculations from the Home 
screen. 
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Preview of Symbolic Manipulation 


Steps Display 
1. Display the Home screen and HOME [Home] (redislarScbraléare|atnc[restwolereer ue| | 
clear the entry line. Solve the ?(CLEAR] [CLEAR 3(CLEAR] (CLEAR i 
equation i(F2) 1 i[F2) 1 i 
2x - 3y = 4 for x. '2XE)3YE)4 i2XE)3YE)4 ile solve(2--F-y=4,x) 
i i i syt 
F2] 1 selects solve( from the Algebra iU XD) [ENTER ut XD) [ENTER i so 2 
menu. You can also type solve( i : ; (solve t2xn3u=4, x) 
directly from the keyboard or select it} : ; ean fag auto FUNC Asso 
from the Catalog. i i : 
2. Begin to solve the equation E F2) 1 i F2} 1 
-x+7y=-12for y,butdonot HXH7YE) HXH7YE 
press [ENTER] yet. 101200 1)120Y6 i 
3. Use the “with” operator to i I i 2nd) [1] i [redislarScbraléare|atnc[reatwolereet uel | 
substitute the expression for x :©[ENTER iO ENTER ie solve(2-x-3-ys4,x) 
that was calculated from the :(ENTER (ENTER : <e Suet 
first equation. This gives the i : i |e solvet-x + 7-u= -12,4p|x> 
value of y. : : : ys 2011 
The “with” operator is displayed as | : i i ime Se 


on the screen. 


Use the auto-paste feature to : 
highlight the last answer in the history? 
area and paste it to the entry line. : 


4. Highlight the equation forxin i©@@© IOOO 
the history area. i : 
E ssolve(-x+?-y= -12,u)| xb 
i ye 2oe11 
7 : we PUR Nes x Cdtutda 2 
i i i RAG AUTO FUME gre 
5. Auto-paste the highlighted : ENTER i ENTER : resislangcbraléate|athcr rsratn|ciees ur 
i i i ?(2nd) [| i 
expression to the entry line. : | i [1] ile solvet-x + 7-u= -12,0)] xb 
Then substitute the value of y ?@ [ENTER ?© (ENTER i ys - 20-11 
that was calculated from the : ENTER : ENTER Hage Sus 4 Jus -2er11 
second equation. : : : x= "B11 
i : : xs =e) oT SOEaG 
The solution is: A i : [Mi RAWAUTO FUNC 3730 


x= —8/11 and y= ~ 20/11 


This example is a demonstration of symbolic manipulation. A one-step function is available for 
solving systems of equations. (See page 73.) 
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Using Undefined or Defined Variables 


How Undefined and 
Defined Variables 
Are Treated 


Tip: When defining a 
variable, it’s a good practice 
to use more than one 
character in the name. 
Leave one-character names 
undefined for symbolic 
calculations. 


Determining If a 
Variable Is 
Undefined 


Note: Use (2nd) [VAR-LINK] to 
view a list of defined 
variables, as described in 
Chapter 21. 


When you enter an expression that contains a variable, the 
TI-89 / TI-92 Plus treats the variable in one of two ways. 


¢ Ifthe variable is 
undefined, it is 
treated as an 
algebraic symbol. 


¢ Ifthe variable is 
defined (even if 
defined as 0), its value 
replaces the variable. 


sax tet Sex ty 
2xtK+ 

MAIN EAD AUTO FUNG 1/0 
a5ex a 
ef-xtety g+15] 
2xtxtu 

MAlM RAD AUTO FUNC PFT 


To see why this is important, suppose you want to find the first 
derivative of x3 with respect to x. 


* Ifx is undefined, the 1 -2[,.3] sez 
Geer ae 
result is in the form Tie 
you probably MATH RAG AUTO FUME EET) 
expected. 
¢ Ifx is defined, the »-#[,.3] 75 
result may be ina . - 5 
form you did not x 
expect. MAIM RAG AUTO FUME FTE) 
Unless you knew that 5 had been 
stored to x previously, the answer 
75 could be misleading. 
Method: Example: 


Enter the variable 
name. 


Use the getType 
function. 


If defined, the variable’s 
value is displayed. 


ax 
my 


\ 5 


| 


Fe 
MAIM RAG AUTO FUME 


. 
zfs 


If undefined, the variable 
name is displayed. 


If defined, the variable’s 
type is displayed. 


= 


sgetTupet x) 
sgetTypetu) 


“NUM 
"HONE" 


getTupe dys 
MAIM 


RAG AUTO FUME 


PET 


If undefined, “NONE” is 
displayed. 
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Deleting a Defined 
Variable 


Note: For information about 
folders, refer to Chapter 5. 


Temporarily 
Overriding a 
Variable 


Note: For more information 
about the | operator, refer to 
page 67. 


You can “undefine” a defined variable by deleting it. 


To delete: 


One or more specified 
variables 


All one-letter variables 
(a —z) in the current 
folder 


Do this: 


Use the DelVar function. 


"OelWar x 


Dore 


SDelWar x,y, best, radius 


Dore 


DelWar x,y, test, radius 
MalM 


RAG AUTO FUME 


ETETI 


You can also delete variables by using the 
VAR-LINK screen ((2nd] [VAR-LINK]) as 
described in Chapter 21. 


From the Home screen Clean Up menu, 
select 1:Clear a-z. You will be prompted to 
press [ENTER] to confirm the deletion. 


Clear a-z 


Clear d-character variables 
A-Z ih CUFFEnE Felder? 


EnterSves: ESC=CANCEL 


By using the “with” operator (1), you can: 


¢ Temporarily override 
a variable’s defined 
value. 


¢ Temporarily define a 
value for an undefined 
variable. 


e273 27] 
ax? |x=3 c) 
ax 27 
% 
MAIN, RAD AUTO FUNG 3/50 
elWar x ane 
=Dell o 
ax? |x=3 c) 
ax x 
x 
MAIN, BEGAUTO FUNG 3/50 


To type the “with” operator (|), press: 


TI-89: [1 
TI-92 Plus: [2nd] [1] 
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Using Exact, Approximate, and Auto Modes 


EXACT 
Setting 


When Exact/Approx = EXACT, the TI-89 / TI-92 Plus uses exact rational 
arithmetic with up to 614 digits in the numerator and 614 digits in the 
denominator. The EXACT setting: 


¢ Transforms irrational numbers to standard forms as much as 
possible without approximating them. For example, i2 
transforms to 2 3 and In(1000) transforms to 3 In(10). 


¢ Converts floating-point numbers to rational numbers. For 
example, 0.25 transforms to 1/4. 


The functions solve, cSolve, zeros, cZeros, factor, j, fMin, and fMax 
use only exact symbolic algorithms. These functions do not compute 
approximate solutions in the EXACT setting. 


¢ Some equations, such as 2~* = x, have solutions that cannot all be 
finitely represented in terms of the functions and operators on the 
TI-89 / TI-92 Plus. 


¢ With this kind of equation, EXACT will not compute approximate 
solutions. For example, 2~* = x has an approximate solution 
x = 0.641186, but it is not displayed in the EXACT setting. 


Advantages Disadvantages 


Results are exact. As you use more complicated rational 
numbers and irrational constants, 
calculations can: 


¢ Use more memory, which may 
exhaust the memory before a solution 
is completed. 


¢« Take more computing time. 


¢ Produce bulky results that are harder 
to comprehend than a floating-point 
number. 
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APPROXIMATE 
Setting 


62 


there are exceptions: 


When Exact/Approx = APPROXIMATE, the TI-89 / TI-92 Plus converts 
rational numbers and irrational constants to floating-point. However, 


¢ Certain built-in functions that expect one of their arguments to be 
an integer will convert that number to an integer if possible. For 
example: d(y(x), x, 2.0) transforms to d(y(x), x, 2). 


¢ Whole-number floating-point exponents are converted to integers. 
For example: x2° transforms to x? even in the APPROXIMATE 


setting. 


Functions such as solve and J (integrate) can use both exact symbolic 
and approximate numeric techniques. These functions skip all or 
some of their exact symbolic techniques in the APPROXIMATE 


setting. 


Advantages 


If exact results are not 
needed, this might save 
time and/or use less 
memory than the EXACT 
setting. 


Approximate results are 
sometimes more 
compact and 
comprehensible than 
exact results. 


If you do not plan to use 
symbolic computations, 
approximate results are 
similar to familiar, 
traditional numeric 
calculators. 


Disadvantages 


Results with undefined variables or 
functions often exhibit incomplete 
cancellation. For example, a coefficient 
that should be 0 might be displayed as a 
small magnitude such as 1.23457e-11. 


Symbolic operations such as limits and 
integration are less likely to give 
satisfying results in the APPROXIMATE 
setting. 


Approximate results are sometimes less 
compact and comprehensible than exact 
results. For example, you may prefer to 
see 1/7 instead of .142857. 
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AUTO Setting 


When Exact/Approx = AUTO, the TI-89 / TI-92 Plus uses exact rational 
arithmetic wherever all of the operands are rational numbers. 
Otherwise, floating-point arithmetic is used after converting any 
rational operands to floating-point. In other words, floating-point is 
“infectious.” For example: 


1/2-1/3 transforms to 1/6 
but 
0.5-1/3 transforms to .16666666666667 


This floating-point infection does not leap over barriers such as 
undefined variables or between elements of lists or matrices. For 
example: 


(1/2 - 1/3) x + (0.5 - 1/3) y transforms to x/6 + .16666666666667 y 
and 
{1/2 - 1/3, 0.5 — 1/3} transforms to {1/6, .16666666666667} 


In the AUTO setting, functions such as solve determine as many 
solutions as possible exactly, and then use approximate numerical 
methods if necessary to determine additional solutions. Similarly, 
J (integrate) uses approximate numerical methods if appropriate 
where exact symbolic methods fail. 


Advantages Disadvantages 

You see exact results If you are interested only in exact 
when practical, and results, some time may be wasted 
approximate numeric seeking approximate results. 


results when exact 


It i tical. : 
cae oats Catan results, some time may be wasted 


You can often control seeking exact results. Moreover, you 


If you are interested only in approximate 


the format of aresult by might exhaust the memory seeking those 


choosing to enter some exact results. 
coefficients as either 

rational or floating-point 

numbers. 
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Automatic Simplification 


Default All of the following rules are applied automatically. You do not see 
Simplification Rules —_ intermediate results. 


¢ Ifavariable has a defined value, that value replaces the variable. 


If the variable is defined in terms "53 rum 5 
of another variable, the variable oe es) 
is replaced with its “lowest level” MAH RAB AUTO FUME E770 
value (called infinite lookup). enum a 
essa 5 
a7 -huM 35 
PPM 
MAIN RAD AUTO FUME ERETI 
Note: For information about Default simplification does not modify variables that use path 
folders, refer to Chapter 5. names to indicate a folder. For example, x+class\x does not 


simplify to 2x. 


Note: Refer to “Delayed ¢ For functions: 

Simplification for Certain 

Built-In Functions” on — The arguments are simplified. (Some built-in functions delay 
page 66. simplification of some of their arguments.) 


— Ifthe function is a built-in or user-defined function, the 
function definition is applied to the simplified arguments. 
Then the functional form is replaced with this result. 


¢ Numeric subexpressions are 


combined. 
e2-g3 6-y 
¢« Products and sums are sorted Bu 34x24 
; 2 
into order. ee + Sx td 
ue Sto 2+] 
MAIN, RAD AUTO FUME ERT) 


Products and sums involving undefined variables are sorted 
according to the first letter of the variable name. 


— Undefined variables r through z are assumed to be true 
variables, and are placed in alphabetical order at the 
beginning of a sum. 


— Undefined variables a through q are assumed to represent 
constants, and are placed in alphabetical order at the end of a 
sum (but before numbers). 


¢ Similar factors and similar terms nae? ny wey 

are collected. sSx¢xt7 4-x+7| 
Sxtxty 

MAIN RAD AUTO FUNC FRET) 
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This floating-point number 
causes numeric results to 
be shown as floating-point. 


¢ Identities involving zeros and ones 


If a floating-point whole 
number is entered as an 
exponent, it is treated as 
an integer (and does not 
produce a floating-point 
result). 


How Long Is the 
Simplification 
Process? 


ex+6 x 
are exploited. alex x 
ei.cx x 
axl i 
nels a 
xT 1, 
MAIM RAD AUTO FUME bA20 
| aie i 
iy 1 
of 1 
wy 1 
xO 


RAG AUTO FUNC 


¢ Polynomial greatest common 2 
eHet 5 w+ 6 


divisors are canceled. “+2 ¥tS 
Cx etoxte) 7 oxta) 
MAIK RAG AUTO FUME EET 
¢ Polynomials are expanded unless 23 
a(xt+1)°-x 2x1 


no key cancellation can occur. > 
a(et 2° (e+ 1) 

txt Ut t 237 
Ceres 2eCMr LD 
MAIN RAD AUTO FUME 


-__ No key cancellation 


ETELI 


¢« Common denominators are 2 1 


1 

7 2 
formed unless no key cancellation wf-y  xoi xt 
can occur. — jet y 1,4 
x y os =! 

lextl/y 
MAIN, RAD AUTO FUNC FRET] 
-__ No key cancellation 

* Functional identities are BW lnt2a— Ince IncZ) 


exploited. For example: 


In(2x) = In(2) + In(x) 
and 
sin(x)2 + cos(x)2 = 1 


. w-(sintso)” + uleostxa)* 
ul 


Ws inis topos Cx 
MAM RAD AUTO FUNC 


FRET] 


Depending on the complexity of an entry, result, or intermediate 
expression, it can take a long time to expand an expression and 
cancel common divisors as necessary for simplification. 


To interrupt a simplification process that is taking too long, 

press [ON]. You can then try simplifying only a portion of the 
expression. (Auto-paste the entire expression on the entry line, and 
then delete the unwanted parts.) 


Chapter 3: Symbolic Manipulation 65 


Delayed Simplification for Certain Built-In Functions 


Functions that Use Functions that use delayed simplification have a required var 


Delayed argument that performs the function with respect to a variable. 
Simplification These functions have at least two arguments with the general form: 
function(expression, var [, ... ]) 


Note: Not all functions that For example: solve(x‘2- x- 2=0,x) 
use a var argument use d(x*2-x-2,x) 
delayed simplification. f(xt2—x-2 x) 


limit(x2 - x- 2,x,5) 


For a function that uses delayed simplification: 


1. The var variable is simplified to the lowest level at which it 
remains a variable (even if it could be further simplified to a 
non-variable value). 


2. The function is performed using the variable. 


Note: You may or may not 3. If var can be further simplified, that value is then substituted into 
want to define a numeric the result. 
value for var, depending on 
the situation. For example: 
eDelWar x Dore} 
x cannot be simplified. HH a (x5) 3x4 
dix*3.xo 
MAIM RAG AUTO FUME ETELI 
Note: The example to the oo 5 
right finds the derivative of : ee az 
x3 at x=5. If x3 was initially x is not simplified. The . lx ] 75 


function uses x3, and 


simplified to 75, you would then substitutes 5 for x. 


find the derivative of 75, 
which is not what you want. 


dx" 3.x 
Mal RAD AUTO FUNC 2/20 


"DelWar t Done 
ehex t 
x is simplified to t. The ———____ =» (x3) 3-44 


function uses t$. dina, xe 
MAIN, 


RAG AUTO FUME FRET) 


eset 5 
stey bs 
x is simplified to t. The = ——HH_ =» (x3) 75 
function uses t3, and = 
then substitutes 5 for t. fag an FINE ae 
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Substituting Values and Setting Constraints 


Typing the “With” 
Operator 


Substituting fora 
Variable 


Substituting fora 
Simple Expression 


Note: acos(x) is different 
from a*cos(x). 


Substituting 
Complex Values 


Note: For an overview of 
complex numbers, refer to 
Appendix B. 


Tip: To get the complex i, 
press [2nd] [:]. Do not simply 
type the letter i on the 
keyboard. 


To type the “with” operator (| ), press: 


TI-89: [1 
TI-92 Plus: [2nd] [1] 


For every occurrence of a 
specified variable, you can 
substitute a numeric value or an 
expression. 


To substitute for multiple 
variables at the same time, use 
the Boolean and operator. 


For every occurrence of a simple 
expression, you can substitute a 
variable, numeric value, or 
another expression. 


By replacing a commonly used 
(or long) term, you can display 
results in a more compact form. 


You can substitute complex 
values just as you would for other 
values. 


(x4 2)% [x= a 
ar | pss 25-1 
a 
a2[x8) [xe 75] 
p— |dix"S, xT xeS 
MAIN RADAUTO FUNG ___sv30 


_ First derivative of x-3 atx =5 


n(x¢2)2|[x=ati  (a+3)4 
Cxt2°2 leeat1 
MAIN, RAD AUTO FUNC if Fo 


1/2 
ale? 442] |x=3 and y=4 
5 


wat 25" C125 1x53 and ye4 
Mal BAD AUTO FUNG 1/20 


m(sin(x))> + 2-singx) +1 sib 
=° +2-s4+1 


wd J dees ina) | sintxges 
Mal RAD AUTO FUNC 1/30 


Substituting s for sin(x) shows that 4 
the expression is a polynomial in 
terms of sin(x). 


ma oostx) +(costeil® | cost st 
c@4+2-c 
wSCx "2 lcos¢xJSc and a=2 
MAN BAD AUTO FUME PrP 
alx||x=a+bea at +b 
"lx|[ese+3-4 3 
abs Oxo |xeet34 
MAIN BAD AUTO FUNC FPF 


All undefined variables are treated as real numbers in symbolic 
calculations. To perform complex symbolic analysis, you must define 


a complex variable. For example: 


X+yi>Z 


Then you can use z as a complex variable. You can also use z_. For 
more information see the _ (underscore) topic in Appendix A. 
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Be Aware of the 
Limitations of 
Substitutions 


Tip: Use the solve function 
to help determine the single- 
variable substitution. 


Substitution occurs only Only x? was replaced, not x*. 


where there is an exact extegeeZ|[eZey 0 ete sey 
match for the substitution. axte 3x2 [xeyl2 
wets 
xe de gue eau e lap 
MAIM RAG AUTO FUME ETEDI 


Define the substitution in 
simpler terms for a more 
complete substitution. 


Infinite recursions can occur when you define a substitution 


variable in terms of itself. 


Substitutes sin(x+1), sin(x+1+1), sin(x+1+1+1), 
re (x+1), sin( ), sin( ) 


sin(x) | x=xt1 


etc. 


When you enter a substitution that causes an infinite recursion: 


f ERROR y 


— An error message is 
displayed. 


Memory 


ESCECHMCEL 


— When you press [ESC], an 
error is shown in the 
Sirntx? lx=xtl 


ssinGd|x=xt1 
Errort 


Memory 


history area. HAIN 


RAG AUTO FUME PRET) 


Internally, an expression is sorted according to the automatic 
simplification rules. Therefore, products and sums may not match 


the order in which you entered them. 


— Asa general rule, you n2siuelaee ceo ne 
should substitute for a c 
single variable. msinl2-m-c#] [m= 

Co 
sint2-e) 
sinter *2) lmeerc*2 
MAIN RAG AUTO FUME ETELI 

— Substituting for more No match for substitution 
general expressions 
(either m- c2 =e ssinl2-m-c7]|[m-c#se 

i c= nl 

or c2 - m=e) may not work sinl2-c#-m 
i 8): y SingZeme 2) eke Zee 

as you anticipate. Mal BAD AUTO FUNG FRET 
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Specifying Domain 
Constraints 


Tip: Enter \n(x* y) instead ot 
In(xy); otherwise, xy is 
interpreted as a single 
variable named xy. 


Tip: For = or s, press [#][>] 
or(*][<]. You can also use 
2nd] [MATH] 8 or (2nd [CHAR] 2 to 
select them from a menu. 


Using Substitutions 
vs. Defining a 
Variable 


Caution: After x is defined, 
it can affect all calculations 
that involve x (until you 
delete x). 


Many identities and transformations are valid for only a particular 


domain. For example: 


In(x* y) = In(x) + In(y) only if x and/or y is not negative 


sin-1 (sin(6)) = 6 only if 6 > ~ 7/2 and 6 < 2/2 radians 


Use the “with” operator to specify the domain constraint. 


Because In(x*y) = In(x) + In(y) is not always 
valid, the logarithms are not combined. 


eintx-y)- ints 


slnatxgy- Intxd|x > lntyy 
lntectut—lrtss Dee 
MAIN RA 


In(x-y}— Intxy 


AUTO FUME ETSI) 


With a constraint, the identity is valid 
and the expression is simplified. 


Because sin-1(sin(8)) = 8 is not always 
valid, the expression is not simplified. 


ssirntlsingay sirtcsintegy 


ssint(sin(e|é == and eb 


Ay 


a 


w SINCE TBE? and 62n-2 
MAIM il 


Db AUTO FUME ETEDI 


With a constraint, the expression can 


be simplified. 


In many cases, you can 
achieve the same effect 
as a substitution by 
defining the variable. 


However, substitution is preferable for most cases because the 


variable is defined only for the current calculation and does not 
accidentally affect later calculations. 


Substituting x=1 does 
not affect the next 
calculation. 


Storing 1>x affects 


the subsequent 
calculations. 


(x4 2)7|x=1 a 
alex 1 
(xt 2)2 qI 
Cute ate 
MAIN RAD AUTO FUNG FIFI) 
"DelWVar x Done 
(x4 2)7|x=1 aI 
ie x2+2xt] xt 
x24 xo 
Cn atiet Lie tx 2-1 
MAlH RAD AUTO FUNC FIFI) 
me1l+x 1 
2 
| a 
2 F 
eect eet) unded| 
xfer 
ead Bek ed 
MAI RAD AUTO FUNC FIFI) 
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Overview of the Algebra Menu 


The Algebra Menu 


Note: For a complete 
description of each function 
and its syntax, refer to 
Appendix A. 


From the Home screen, press [F2] to display: 


Papprax¢ 


This menu is also available from the MATH 
menu. Press [2nd] [MATH] and then select 


PcomDenam¢ 9:Algebra. 
i proprract 
HnSo lve t 
Menu Item Description 
solve Solves an expression for a specified variable. This 
returns real solutions only, regardless of the 
Complex Format mode setting. Displays answers with 
"and" and "or" connecting solutions. (For complex 
solutions, select A:Complex from the Algebra menu.) 
factor Factors an expression with respect to all its 
variables or with respect to only a specified 
variable. 
expand Expands an expression with respect to all its 
variables or with respect to only a specified 
variable. 
zeros Determines the values of a specified variable that 
make an expression equal to zero. Displays in a list. 
approx Evaluates an expression using floating-point 
arithmetic, where possible. This is equivalent to 
using [MODE] to set Exact/Approx = APPROXIMATE 
(or using [¢] [ENTER] to evaluate an expression). 
comDenom Calculates a common denominator for all terms in 
an expression and transforms the expression into a 
reduced ratio of a numerator and denominator. 
propFrac Returns an expression as a proper fraction 
expression. 
nSolve Calculates a single solution for an equation as a 
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floating-point number (as opposed to solve, which 
may display several solutions in a rational or 
symbolic form). 


Note: The left and right 
functions are also used to 
return a specified number of 
elements or characters from 
the left or right side of a list 
or character string. 


Menu Item 
Trig 


Complex 


Extract 


Description 


Displays the submenu: 


tExpand Expands trig expressions with angle sums 
and multiple angles. 


tCollect Collects the products of integer powers of 
trig functions into angle sums and 
multiple angles. tCollect is the opposite of 
tExpand. 


Displays the submenu: 


1 


| sicbactor< | 

Sicéerost 

These are the same as solve, factor, and zeros; but 
they also compute complex results. 


Displays the submenu: 


getNum Applies comDenom and then returns the 
resulting numerator. 


getDenom Applies comDenom and then returns the 
resulting denominator. 


left Returns the left-hand side of an equation 
or inequality. 


right Returns the right-hand side of an equation 
or inequality. 
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Common Algebraic Operations 


Adding or Dividing 
Polynomials 


Factoring and 
Expanding 
Polynomials 


Finding Prime 
Factors of a Number 


Finding Partial 
Expansions 


You can add or divide extBeud? 2x44 
: A : CataotinteD 
polynomials directly, without nae aan’ Fe’ 


using a special function. 


a wfa5-wté 
ete 

Ox toxtb a tt 

MAIN 


x+ 3] 


RAG AUTO FUME RELI 


Use the factor ((F2] 2) and expand ((F2] 3) functions. 


factor(expression [,var]) 


for factoring with respect to a variable 


expand(expression [,var]) 


for partial expansion with respect to a variable 


Factor x5 - 1. Then expand the = factor(s? - 1) 


result. tx- iat exon? ext i] 
: 1 led a ed eet 
Notice that factor and expand * expanal(x - 1)-[x4 + x ae 
é 5 Ese | 
perform opposite operations. mapandtanetL>> 
MAIM RAG AUTO FUME FRET 


The factor ((F2] 2) function lets you do more than simply factor an 
algebraic polynomial. 


You can find prime factors of a = factort1729) 7-13-19 
rational number (either an integer 21475 52.959 
: - = factor 1s4e a] 
or a ratio of integers). oe 36 43 
Factortzl4rs- sda) 
MAIM RAG AUTO FUME ETETI 


With the expand ((F2] 3) function’s optional var value, you can do a 
partial expansion that collects similar powers of a variable. 


Do a full expansion of (x2 - x) w expandl(l x2 - x) -(y2- ull 

(y2 -y) with respect to all eye eee ggg? ekeu 
variables. . expandll x? - x) -[y2- 4). x) 
x? we(y-1)-xwty- 1) 


expand’ (x“2-x jaded 
MAlM RAD AUTO FUNC PFT 


Then do a partial expansion with 
respect to x. 
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Solving an Equation 


Note: An operation such as 
=) 2 (X] subtracts 2x from 
both sides. 


Solving a System of 
Linear Equations 


Note: The simult and rref 
matrix functions are not on 
the [F2] Algebra menu. Use 
2nd} [MATH] 4 or the Catalog. 


Use the solve ((F2] 1) function to solve an equation for a specified 
variable. 


solve(equation, var) 


Solve x + y - 5 = 2x - 5y 


ssolve(xty-3=2-e-S-u,b 


nebyu- 9 
for x. solvetxty-S=2x—-5u, xe 
MAIM RAD AUTO FUNC FRET) 


Notice that solve displays 
only the final result. 


To see intermediate results, you can manually solve the equation 
step-by-step. 


x y & 5 &} 2x ©) dy ex +y-S=2-e-S-y 
ety -S=2K-5-y) 
=] 2x a(xtyu-S=2-x-S-y)-2-x 
cay - 3S Sy 
-|)y Bf-xty-S= S-ul-y 
“eM -O= -6-y 
+) 5 a(-x-5=-6-y)+5 
“M=G-6-y 
x] (6) 1 at-x=5-6-y)--1 
neéy-5 
ans ¢li+-1 
MAIN RAG AUTO FUME EtELI 
Consider a set of two equations with 2x -3y=4 
two unknowns: -x+7y="12 


To solve this system of equations, use any of the following methods. 


Method 


Use the solve function 
for a one-step solution. 


Example 
solve(2x-3y=4 and -x+7y=~12,{x,y}) 


Use the solve function 
with substitution (1) 
for step-by-step 
manipulation. 


Refer to the preview at the beginning of 
this chapter, which solved for x = - 8/11 
and y = - 20/11. 


Enter the coefficients as a matrix and the 
results as a constant column matrix. 


vsm?, S)[t 


Use the simult function 
with a matrix. 


[ “8-11 
720/11 
wid li [2, “3s “1,71, [43 “1215 
Mal BAD AUTO FUNC 1/20 


Use the rref function 
with a matrix. 


Enter the coefficients as an augmented 
matrix. 


2 “3 4 
. ree] “4 
8-11 


- 20-11 
rreefcl2, “3,43 “1,7, -12]5 
Hal RAD AUTO FUNG FRET 


7 “12 
[< Q 
oot 
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Finding the Zeros of 
an Expression 


Tip: For > or <, type [+] [>] or 
[+] [<]. You can also use 

2nd} [MATH] 8 or (2nd) [CHAR] 2 to 
select them from a menu. 


Finding Proper 
Fractions and 
Common 
Denominators 


Note: You can use 
comDenom with an 
expression, list, or matrix. 


Use the zeros ([F2] 4) function. 


zeros(expression, var) 


Use the expression 
x * SiN(X) + COS(X). 


Find the zeros with respect to x 


in the interval 0 < x and x < 3. 


szeros(x-sintx) + cost), =) 
C2. 798393 


lnigx+cosex x) 1WSx and o., | 
MAIH RAG AUTO FUME EET) 
Use the “with” = =$—— 
operator to specify 
the interval. 


Use the propFrac ([F2] 7) and comDenom ([F2] 6) functions. 


propFrac(rational expression [,var]) 


comDenom(expression [,var]) 


Find a proper fraction for the 


expression 
(x4= 2x2 + x) / (2x2 + x + 4). 


Then transform the answer into 


a ratio of a fully expanded 


numerator and a fully expanded 


denominator. 


Notice that propFrac and 


comDenom perform opposite 


operations. 


In this example: 


31x +60 
8 
xe 
ane ney he 15/8 is the quotient. 
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for proper fractions with respect 


to a variable 


for common denominators that collect 
similar powers of this variable 


4_4.,2 
" proptrad| KOTE 


KIRK 
Beef eet 


S1-x+ 60 rae 
al2-x2+x44] 


. conten 


RAG AUTO FUNC 


fix +60 
ela-xZ4+x+4 
xt —2-n2 +x 
Bex® tut 
tt 4K eons a1 58 
Mal 


ii 


ETELI 


If you do this example on your 
TI-89 / TIl-92 Plus, the propFrac 
function scrolls off the top of the 
screen. 


is the remainder of x4- 2x2 +x divided by 2x2 +x+4. 


Overview of the Calc Menu 


The Calc Menu 


Note: For a complete 
description of each function 
and its syntax, refer to 
Appendix A. 


Note: The d symbol for 
differentiate is a special 
symbol. It is not the same as 
typing the letter D on the 
keyboard. Use [F3] 1 or 

2nd) [a]. 


From the Home screen, press [F3] to display: 


This menu is also available from the MATH 
menu. Press [2nd] [MATH] and then select 
A:Calculus. 


Menu Item 
d differentiate 


/ integrate 


limit 


x sum 


II product 


fMin 


fMax 


arcLen 


taylor 


nDeriv 


nint 


deSolve 


Description 


Differentiates an expression with respect to a 
specified variable. 


Integrates an expression with respect to a specified 
variable. 


Calculates the limit of an expression with respect to 
a specified variable. 


Evaluates an expression at discrete variable values 
within a range and then calculates the sum. 


Evaluates an expression at discrete variable values 
within a range and then calculates the product. 


Finds candidate values of a specified variable that 
minimize an expression. 


Finds candidate values of a specified variable that 
maximize an expression. 


Returns the arc length of an expression with respect 
to a specified variable. 


Calculates a Taylor polynomial approximation to an 
expression with respect to a specified variable. 


Calculates the numerical derivative of an expression 
with respect to a specified variable. 


Calculates an integral as a floating-point number 
using quadrature (an approximation using weighted 
sums of integrand values). 


Symbolically solves many 1st and 2nd order 
differential equations, with or without initial 
conditions. 
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Common Calculus Operations 


Integrating and 
Differentiating 


Note: You can integrate an 
expression only; you can 
differentiate an expression, 
list, or matrix. 


Finding a Limit 


Note: You can find a limit 
for an expression, list, or 
matrix. 


Finding a Taylor 
Polynomial 


Important: Degree-mode 
scaling by 7/180 may cause 
calculus application results 


to appear in a different form. 


Use the / integrate ([F3] 2) and d differentiate ((F3] 1) functions. 


| (expression, var [,low] [,wp]) 


— lets you specify limits or a 
constant of integration 
d (expression, var [,order]) 


a] Lx “sintod dx 


Integrate x2 * sin(x) with respect 
(2 - x2) costed +2-e:sin(x) 


to x. 
d [ 2] F 
: - 3 e——||2- xe“) costx) + 2x: Sip 
Differentiate the answer with in 
x2 -sintx) 
respect to x. -— |aeanstid,x0 
MAIN RAD AUTO FUME FRET) 


_ To get d, use [F3] 1 or 2nd) [a]. 
Do not simply type the letter D 
on the keyboard. 


Use the limit ((F3] 3) function. 
limit(expression, var, point [,direction])* 
= negative = from left 


positive = from right 
omitted or 0 = both 


Find the limit of sin(3x) / x as x ae (sincs20) : 
ee) ——— a 
approaches 0. “38 = 
limittsint3xi-x, =, 00 
MAI RAD AUTO FUME PRT) 


Use the taylor ((F3] 9) function. 


taylor(expression, var, order [,point]) 


= if omitted, expansion point is 0 


Find a 6th order Taylor Btaylorfsintxd, «67 
polynomial for sin(x) with = 2 = eH 
respect to x. 5 


x 
“sop fe tet aloo Done 


Store the answer as a user- 
defined function named y1 (x). 


ans ¢Ljsylcx 
MAM RAD AUTO FUNG FFT] 


Graph sin(x):Graph yl(x) 


Then graph sin(x) and the Taylor 
polynomial. 
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User-Defined Functions and Symbolic Manipulation 


For Information 
about Creating a 
User-Defined 
Function 


Undefined 
Functions 


Tip: To selectd from the 
Calc toolbar menu, press 

F3] 1 (or press (2nd) [a] on the 
keyboard). 


Single-Statement 
Functions 


Tip: To select limit from the 
Calc toolbar menu, press 
F3] 3. 


Tip: To select { from the 
Calc toolbar menu, press 

F3] 2 (or press [2nd] [J] on the 
keyboard). To select taylor, 
press [F3] 9. 


Refer to: 


“Creating and Evaluating User-Defined Functions” in Chapter 5. 


“Graphing a Function Defined on the Home Screen” and 
“Graphing a Piecewise Defined Function” in Chapter 12. 


“Overview of Entering a Function” in Chapter 17. 


You can use functions such as f(x), g(t), r(@), etc., that have not been 
assigned a definition. These “undefined” functions yield symbolic 
results. For example: 


Use DelVar to ensure that f(x) 
and g(x) are not defined. 


Then find the derivative of 
f(x)* g(x) with respect to x. 


eDelWer fig 
#2 (roa 2000) 


Dore 


roo) ae + Lat) “fi 


M RAG AUTO FUME 


def Cx ekg ew ed 
AIM 


ETELI 


You can use user-defined functions consisting of a single expression. 
For example: 


Use [STO>) 


1 


sec(x) = c0s(x) 


Then find the limit of sec(x) 
as x approaches 7/4. 


to create a user-defined secant function, where: 


Use Define to create a user-defined function h(x), where: 


x 
h(x)= fsinit) it 
0 


Then find a 5th order Taylor 
polynomial for h(x) with 
respect to x. 


— + sects) Done} 
= lim sees) Jz 
Ls 
xa 
limittsectx),x,n“4) 
Mall BAD AUTO FUNC PRL 
-—— Define h(x)= J(sin(t)/t,t,0,x). 
"Define hes =] 7 [== ) 
Done} 
staylorch(x), x, 5,0) 
x x 
ooo ie ** 
taylorthtxs, x.o,00 
MAIN RAD AUTO FUNC PRT 
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Multi-Statement vs. 
Single-Statement 
Functions 


Tip: You can use your 
computer keyboard to type 
lengthy text and then use 
TI-GRAPH LINK to send it to 
the TI-89 / TI 92-Plus. See 
Chapter 18 for more 
information. 


Tip: To select nint from the 
Calc toolbar menu, press 
F3} B:nInt. 


Tip: To select | from the 
Calc toolbar menu, press 

F3] 2 (or press (2nd) [J] on the 
keyboard). 


Multi-statement user-defined functions should be used as an 
argument for numeric functions (such as nDeriv and nint) only. 


In some cases, you may be able to create an equivalent single- 
statement function. For example, consider a piecewise function with 
two pieces. 


When: Use expression: 
x<0 “x 
x20 5 cos(x) 


¢ Ifyou were to create a multi-statement user-defined function with 
the form: 


Func 

If x<0 Then 

Return -x ;—— Define y1(x)=Func:lf x<0 Then: ... :EndFunc 
Else 

Return 5cos(x) sQefine yl(x) =Furnc Done 
EndIf SriInt(ylixd,x,8, 13 4coaeas 
EndFunc ninbigitxiss.Gd) 

MAIM RAG AUTO FUME FRET) 


Then numerically 
integrate y1(x) with 
respect to x. 


¢ Create an equivalent single-statement user-defined function. 


-—— Define y1(x)=when(x<0, -x, 5cos(x)) 


Use the 
TI-89 / TI-92 Plus’s “fexex to 
built-in when "Derive vio sedsta ah 
anenen, a | 5 wloods 5-sint1) 
Then integrate y1 (x) = “fi dtmaay ao 30ess 
with respect to x. FSIS re 

MAIM RAG AUTO FUME ERELI 


-___ Press [¢] [ENTER] for a 
floating-point result. 
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If You Get an Out-of-Memory Error 


Freeing Up Memory 


Simplifying 
Problems 


Delete unneeded variables and/or Flash applications, particularly 
large-sized ones. 


— Use [2nd] [VAR-LINK] as described in Chapter 21 to view and 
delete variables and/or Flash applications. 


On the Home screen: 


— Clear the history area ((F1] 8) or delete unneeded history pairs. 


— You can also use [F1] 9 to reduce the number of history pairs 
that will be saved. 


Use [MODE] to set Exact/Approx = APPROXIMATE. (For results that have 
a large number of digits, this uses less memory than AUTO or EXACT. 
For results that have only a few digits, this uses more memory.) 


Split the problem into parts. 


— Split solve(a* b=0,var) into solve(a=0,var) and solve(b=0,var). 
Solve each part and combine the results. 


If several undefined variables occur only in a certain 
combination, replace that combination with a single variable. 


— Ifmandc occur only as m*c2, substitute e for m*c2. 


(a+b) 2 te [(a+b)? 


1 ~ (a+b)? , substitute c for (a+b) and 


— Inthe expression 


c2 +4 /c2 
. Inthe solution, replace c with (a+b). 
1-c2 


For expressions combined over a common denominator, replace 
sums in denominators with unique new undefined variables. 


F x y ; 
— Inthe expression ———>— + ——"""__ , substitute d for 
, aja? +b? +¢ afa2+b2 +c’ 


x 
4 [a2 +b2 +c and use at : . In the solution, replace d with 


afa2+b2 +0. 


Substitute known numeric values for undefined variables at an 
earlier stage, particularly if they are simple integers or fractions. 


Reformulate a problem to avoid fractional powers. 


Omit relatively small terms to find an approximation. 
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Special Constants Used in Symbolic Manipulation 


true, false 


@n1 ... @n255 


For @, press: 
TI-89: [+] [(STO> 
TI-92 Plus: (2nd) R 


co, e 


For °°, press: 
TI-89: [9] [oe 
TI-92 Plus: (2nd) [--] 


For e, press: 
TI-89: [+] [e*] 
TI-92 Plus: (2nd) [e*] 


undef 


These indicate the result 
of an identity or a 
Boolean expression. 


This notation indicates 
an “arbitrary integer” 
that represents any 
integer. 


When an arbitrary 
integer occurs multiple 
times in the same 
session, each 
occurrence is numbered 
consecutively. After it 
reaches 255, arbitrary 
integer consecutive 
numbering restarts at 
@n0. Use Clean Up 
2:NewProb to reset to 
@n1. 


co represents infinity, 
and e represents the 
constant 2.71828... 
(base of the natural 
logarithms). 


These constants are 
often used in entries as 
well as results. 


x=x is true for any value of x. — 


esolve(x =x, x] true} 
eoexe i eso false 
Sox KeS 

MAIN EAD AUTO FUNC zPE0 


5<3 is false. 


A solution is at every integer 
multiple of x. 


Ssolve(simnx) =O, x3 


x= Gri-q 


=ssolve(sin(x)=1, x) 


xe Z-On2-n+3 


solvetsin¢xj=d, xo 
Al RAD Al 


————— 
MAIN AD AUTO FURIE ETELI 


Both @n1 and @n2 represent 
any arbitrary integer, but this 
notation identifies separate 
arbitrary integers. 


“olla 


limitecitieni*nn, #3 
Mal 


RAG AUTO FUME 


EET 


This indicates that the result is undefined. 


Mathematically undefined 


teo (undetermined sign) 


Non-unique limit 
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ia] 
air undef 
. + undef) 
= lim sintx) unde?) 
xo -e 
Limittsingx), x, “8d 
Mal RAD AUTO FUNC FIFI) 


Constants and Measurement Units 


Note: Constant and unit 
names always begin with an 
underscore _. 


Note: You can also use 
getUnits() to get a list of the 
default units or setUnits() fo 
set the default units. Refer 
to Appendix A. 


Preview of Constants and Measurement Units............... 
Entering Constants or Units «0.0... 
Converting from One Unit to Another..... 
Setting the Default Units for Displayed Results 
Creating Your Own User-Defined Units 
List of Pre-Defined Constants and Units.... 


The UNITS dialog box lets you select the available constants or 
units from different categories. 


This category lists 
constant values. 


Remaining categories 


list available units. inous Inte = 
7 RMounk oF Subsbance 


Enter=0k ESCSCaWCEL 


Page 3 ((F3]) of the MODE dialog box lets you select from three 
systems of measurement to specify the default units for displayed 
results. 


International system of 
measurements (metric or 
MKS) — meters, kilograms, etc. 


English system — feet, 
pounds, etc. 


cEnter=anve TECECANCEL Lets you select the units you 
= want to use. 


By using the unit features, you can: 


¢ Enter a unit for values in an expression, such as 6_m * 4_m or 
23_m/_s * 10_s. The result is displayed in the selected default 
units. 


Convert values from one unit to another within the same 
category. 


Create your own user-defined units. These can be a 
combination of existing units or unique “standalone” units. 
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Preview of Constants and Measurement Units 


Steps Display 
1. Display the MODE dialog box, MOO FIJO1 {MORI | 2 ae 
Page 3. For Unit System mode, _: (ENTER :(ENTER z | esdealedb cede] 
select SI for the metric system of | i i] ti 
measurements. i i 
Results are displayed according to i <CEnter=sAve <CESCECANCEL 


these default units. 


2. Create an acceleration unit for 2nd] [UNITS] © ® M #) [units] QO @ M 
meters/second? named _ms2. ENTER : (ENTER i 
The UNITS dialog box lets you select ; :&) ng) [unrrs) + (units) 
units from an alphabetical list of TOXOICIORS OOOS 
categories. You can use [2nd]@ and i ENTER ER E> amount ae substance hos 
2nd) © to scrollone page atatime H 
through the categories. i 2 (STO>| iB 2 (STO» 
Now, instead of re-entering _m/_s2 G) - :l2nd [-] i = + ms = 
each time you need it, youcanuse — ;{2nd)[a-locK]MS i MS : ae 25 nee = 
_ms2. alpha) 2 (ENTER i2 ENTER oe “RAD AUTO FUNG FRET 
Also, you can now use the UNITS —: : : If you use the UNITS 
dialog box to select __ms2 from the H H : dialog box to select a 
Acceleration category. i ; : unit, the _ i entered 
i H i automatically. 
3. Calculate the force when SJL] ;5 2nd) (-] 
m = 5 kilograms (_kg) and :2nd][a-lock] KG i KG =s* 
2 : : #5 + kg- 20 _ms2 190, -_H 
a = 20 meters/second? (_ms2). _; [alpha] [x] 2 0 ij 20 /5_kae2o_msa 
If you know the abbreviation for a i #}{~] nd) [a-tock] i 2nd) [_] : a “— = te 
unit, you can type it from the iM S [alpha] 2 MS2 
keyboard. : (ENTER ‘(ENTER 
4. Using the same m, calculate the {5(¢)[- : 5 [2nd] [-] i =t5 > oms2 a 
force for an acceleration due to ‘[2nd][a-lockK] KG =? KG i} -s -s 
: i Je 5-_ka- 26-_ns2 100. -_N 
gravity (the constant _g). [a pha] [x iG a5: ka-_a 49, 0333 -_H 
: i U H /5_ko*_g 
For _g, you can use the pre-defined 2nd) [uniTs] © : Se) : aa = RAD AUTO FUNG FFT 
constant available from the UNITS alpha} G iG i 
dialog box or you can type _g. ENTER) (ENTER) — : (ENTER (ENTER 
5. Convert to kilograms of force 10) 2nd) [>] [+] [_] He) 2nd) [>] (2nd) [_] ils Se gia _é 
(kgf). :(2nd)[a-lock]KGF iKGF i] -s* -s? 
i : im 5-_kg- 20-_ms2 100. -_H 
2nd) [>] displays the » conversion : alpha) ENTER i ENTER He -_kg-_g 49,0333 -_H 
operator. : : /# 5 -_kg-_g * kof 5. - kat 
i H Em sea gt_kat 
: RAD AUTO FUNC Yee 
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Entering Constants or Units 


From a Menu 


Tip: Use (2nd) © and (2nd) © 
to scroll one page at a time 
through the categories. 


Note: If you created a user- 
defined unit for an existing 
category (page 88), it is 
listed in the menu. 


From the Keyboard 


Note: You can type units in 
either uppercase or 
lowercase characters. 


The following shows how to select a unit, but you can use the same 


general procedure to select a constant. 


From the Home screen: 


1. Type the value or expression. 


6.3 
2. Display the UNITS dialog box. UNITS 
Press: ing, 
TI-89: [2nd] [UNITS] thw das 
TI-92 Plus: [+] [UNITS] St 


3. Use © and © to move the cursor 
to the applicable category. 


Fereneat = 
eae ihduetan 
4. To select the highlighted (default) Caracitane 
: Naa Flux Dente) Tes 
unit, press [ENTER]. Maanetic Flu. bb 
cine” “ESCHER 
—or- Teer : 
To select a different unit from the f UNITS 
category, press ®. Then highlight . fare current 
the applicable unit, and press eshauetan 
ENTER). bad add 
Magnetic Flu 
[reduc barre: 
EPLoMNCEL 


You can also move the 
cursor by typing the first 
letter of a unit. 
The selected unit is placed in the 
; . 6.3_pF 
entry line. Constant and unit names 


always begin with an underscore (_). 


If you know the abbreviation that the TI-89 / TI-92 Plus uses for a 
particular constant or unit (refer to the list that begins on page 89), 
you can type it directly from the keyboard. For example: 


256 m 
The first character must be an underscore ( _ ). For _, press: 


TI-89: [+] [_] 
TI-92 Plus: (2nd) [_] 


¢« Aspace or a multiplication symbol (* ) before the underscore is 
optional. For example, 256_m, 256 _m, and 256*_m are 
equivalent. 


— However, if you are adding units to a variable, you must put a 
space or * before the underscore. For example, x_m is treated 
as a variable, not as x with a unit. 
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Combining Multiple 
Units 


Tip: Create a user-defined 
unit (page 88) for frequently 
used combinations. 


Using Parentheses 
with Units ina 
Calculation 


Tip: If you have any doubt 
about how a value and its 
units will be evaluated, 
group them within 
parentheses ( ). 


You may need to combine two or more units from different 
categories. 


UNITS 


For example, suppose you want 
to enter a velocity in meters per 
second. In the UNITS dialog elodit 
box, however, the Velocity Luminous 


* . 7 Areunt Secupseance rT 
category does not contain this 
unit. 


You can enter meters per 
second by combining _m and 
_s from the Length and Time 
categories, respectively. 


3*9.8 m/_s 


a Combine the units _m 
and _s. There is no pre- 
defined _m/_s unit. 


In a calculation, you may need to use parentheses (_) to group a value 
and its units so that they are evaluated properly. This is particularly 
true for division problems. For example: 


To calculate: Enter: 
100_m _m 
2 POD Wines 50.+=5 


a You must use parentheses for (2_s). 
This is important for division. 


If you omit the parentheses, you will get 
unexpected units. For example: 


100_m/2_s 50.+_m-_s 


Here’s why you get unexpected units if you do not use parentheses. 
In a calculation, a unit is treated similar to a variable. For example: 


100_m is treated as 100*_m 
and 
2_sis treated as 2*_s 


Without parentheses, the entry is calculated as: 
100*_m 


100* m/2*_s = 3 


* s = 50.-_m*_s 
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Converting from One Unit to Another 


For All Units Except 
Temperature 


Note: For a list of pre- 
defined units, see page 89. 


Tip: From the UNITS dialog 
box, you can select 


available units from a menu. 


If you use a unit in a calculation, it is converted and displayed 
automatically in the current default unit for that category, unless you 
use the > conversion operator as described later. The following 
examples assume that your default units are set to the SI system of 


metric units (page 87). 


To multiply 20 times 
i §20-6-_kn 120000. +_m| —— 
6 kilometers. Steeler 
MAIM RAD AUTO FUNC ave 


20* 6_km Shown in the default unit for —J 


Length, (_m in SI system). 
If you want to convert to a unit other than the default, use the 
> conversion operator. 


expression_unitl ® _unit2 


a >, press [2nd] [>]. 


To convert 4 light years to 


kilometers: 
4 Ityr> km e4-_ltur bk 
- = 3. 78421613 -_km 
To convert 186000 miles/second = 186000- = r = 


to kilometers/hour: 1.a776ze9 =k" 


<hr 
16000 mi “sk km’ hr 
MAI RAD AUTO FUNC PRT 


186000_mi/_s> _km/_hr 


If an expression uses a combination of units, you can specify a 
conversion for some of the units only. Any units for which you do not 
specify a conversion will be displayed according to your defaults. 


To convert 186000 miles/second Because a Time conversion is __, 


from miles to kilometers: not specified, it is shown in its 
default unit (_s in this example). 
186000_mi/_s>_km 
kn 
‘ 299338. - oJ 
To convert 186000 miles/second oe : _ 
from seconds to hours: = 186000 :-—— * 
—_M —1 
186000_mi/_s> 1/_hr REIS hin 
1860001 “sh 1h 
MAIN, RAD AUTO FUNC FRET) 


Because a Length conversion is —I 
not specified, it is shown in its 
default unit (_m in this example). 
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For Temperature 
Values 


For Temperature 
Ranges 


For A, press: 
TI-89: (*] (Q (4) [D] 
TI-92 Plus: (2nd) G (4) D 


To enter meters per second 


squared: 


27_m/_s42 


To convert meters per second 
squared from seconds to hours: 


27_m/_s‘2 »1/_hr*2 


all _M 
= 37- a7. 

_s# _s# 
2f ony s"2 
MAIN, RAD AUTO FUNC PRET) 

=" 1 
a2? r 

_s# on re 

3.499288: =" 
ahr 

Gyo? sere he 
MAIN, RAD AUTO FUNC FRET] 


To convert a temperature value, you must use tmpCnv() instead of 


the > operator. 


tmpCnv(expression_°tempUnit1, _°tempUnit2) 
L__For°, press (2nd) [°]. 


For example, to convert 
100_°C to _°F: 


tmpCnv(100_°c, _ °f) 


stmpCrve 100-90, °F) 


212.2 Fi 
trponwe 1G, FF 
MAlM RAD AUTO FUNC FRET) 
0 100 


To convert a temperature range (the difference between two 
temperature values), use AtmpCnv(). 


AtmpCnv(expression_°tempUnit1, _°tempUnit2) 


For example, to convert a 


100_°C range to its equivalent 


range in _°F: 


AtmpCnv(100_°c, _°f) 
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es atmpCru 100-0, °F) 
180, -_°F 
atmpCrnv¢ 10G%c, Fo 
MalH RAD AUTO FUNC FRET) 
| | 
i+— 100 °C —, 
100 
< > °C 
| | 
| | 
< > °F 
32 212 


l<— 180 °F —>| 


Setting the Default Units for Displayed Results 


If You’re Using the 
SI or ENG/US 
System 


Setting Custom 
Defaults 


Note: You can also use 
setUnits() or getUnits() fo 
set or return information 
about default units. Refer to 
Appendix A. 


Tip: When the CUSTOM 
UNIT DEFAULTS dialog box 
first appears, it shows the 
current default units. 


What is the NONE 
Default? 


Note: NONE is not available 
for base categories such as 
Length and Mass that have 
no components. 


The SI and ENG/US systems of 
measurement (set from Page 3 
of the MODE screen) use built- 
in default units, which you 
cannot change. 


To find the default units for 
these systems, refer to page 89. 


To set custom defaults: 


1. Press [MODE] [F3]® 3 to set 
Unit System = CUSTOM. 


2. Press © to highlight SET 
DEFAULTS. 


3. Press ® to display the 
CUSTOM UNIT DEFAULTS 
dialog box. 


4. For each category, you can 
highlight its default, press 
®, and select a unit from the 
list. 


5. Press [ENTER] twice to save 
your changes and exit the 
MODE screen. 


CEnter=SAVE 9 TESCSCANCEL 7 


If Unit System=SI or ENG/US, the 
Custom Units item is dimmed. 
You cannot set a default for 
individual categories. 


Fi Fe FE 
Pode iPad 2/Fade > 
+ Unit Syste [Torte 
E iss 


Custore Uni 
Landuade Endlish + 


CEnter=SAVE 9 TESCSCANCEL 7 


(CUSTOM UNIT DEFAULTS ‘* 
* Electric © 

Charade... 
Fotantial.. 
Resistance 
Conduckan: 
Capacitance . 
Mad Field fh 
Maa Flux Density .. 
Maanetic Flu: 
Inductance... 


Enter=sAve 


You can also move the cursor by— 
typing the first letter of a unit. 


Many categories let you select NONE as the default unit. 


This means that results in that 
category are displayed in the 
default units of its components. 


For example, Area = Length2, so 
Length is the component of 
Area. 


CUSTOM UNIT DEFAULTS 


Pau e 
7 Pressur: 


Enter =SAve 


¢ Ifthe defaults are Area = _acre and Length = _m (meters), area 
results are shown with _acre units. 


¢ Ifyou set Area = NONE, area results are shown with _m2 units. 
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Creating Your Own User-Defined Units 


Why Use Your Own 
Units? 


Note: If you create a user- 
defined unit for an existing 
category, you can select it 
from the UNITS dialog box 
menu. But you cannot use 
MODE] to select the unit as a 
default for displayed results. 


Rules for User- 
Defined Unit Names 


Defining a Unit 


Note: User-defined units are 
displayed in lowercase 
characters, regardless of the 
case you use to define 
them. 


Note: User-defined units 
such as _dm are stored as 
variables. You can delete 
them the same as you 
would any variable. 


Some example reasons to create a unit are: 


You want to enter length values in dekameters. Define 10_m as a 
new unit named _dm. 


Instead of entering _m/_s? as an acceleration unit, you define that 
combination of units as a single unit named _ms2. 


You want to calculate how many times someone blinks. You can 
use _blinks as a valid unit without defining it. This “standalone” 
unit is treated similar to a variable that is not defined. For 
instance, 3_blinks is treated the same as 3a. 


The naming rules for units are similar to variables. 


Can have up to 8 characters. 


First character must be an underscore. For _, press: 
TI-89: (+) [_] 
TI-92 Plus: [2nd] [_] 


Second character can be any valid variable name character 
except _ or a digit. For example, _9f is not valid. 


Remaining characters (up to 6) can be any valid variable name 
character except an underscore. 


Define a unit the same way you store to a variable. 


For example, to define a 


dekameter unit: = 10_m4_dm Len 
a mst a 
10_m>_dm ust 7 _s# 
cal. 
. a a4-6-_ms2 24, -— 
To define an acceleration unit: ae —s=/79 
446 mse 
m/ sh2 > ms2 MAIM, RAD AUTO FUNC FRET) 


To calculate 195 blinks in 5 
minutes as _blinks/_min: 


definition > _newUnit 


For >, press [STO>]. 


Fir] Fe~ [Fe-( Fu~ |] FE For 
Tools AT ebraplate| Other | FramiO}C lean Ue} 


Assuming unit defaults for Length—— 
and Time are set to_mand_s. 


_ 195- blinks 

amin : 
65: =blinks 
195_blinks/(5_min) T35_blinks-(S_nin> 
MAIN, RAD AUTO FUNC ifs 


Assuming unit default for— 
Time is set to _s. 
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List of Pre-Defined Constants and Units 


Defaults for SI and 
ENG/US 


Constants 


Note: The TI-89/ TI-92 Plus 
simplifies unit expressions 
and displays results 
according to your default 
units. Therefore, constant 
values displayed on your 
screen may appear different 
from the values in this table. 


Tip: For Greek characters, 
refer to Shortcut Keys 
(inside front and back 
covers). 


Length 


Area 


The SI and ENG/US systems of measurement use built-in default 


units. In this section, the built-in defaults are indicated by (SI) and 
(ENG/US). In some categories, both systems use the same default. 


For a description of the NONE default, refer to page 87. Notice that 


some categories do not have default units. 


... electron rest mass... 
... neutron rest mass ... 
... proton rest mass ..... 


speed of light .............. 
.. coulomb constant 
... acceleration of gravity........ 
... gravitational constant 
Planck’s constant....... 


Satie 2.99792458E8_m/_s 
..8.9875517873682E9_N +_m_?/_coul? 


9.80665_m/_s? 


..6.67259E - 11_m?/_kg/_s? 
sheasats 6.6260755E - 34_J+_s 


Boltzmann’s constant......... 1.380658E ~ 23_J/_°K 


..9.1093897E - 31_kg 
.. 1.6749286E - 27_kg 
.. 1.6726231E - 27_kg 


Avogadro’s numbet............. 6.0221367E23 /_mol 


electron charge........... 
.. Bohr radius 


sibasvse 1.60217733E ~ 19_coul 
..5.29177249E - 11_m 


molar gas constant.............. 8.31451_J/_mol/_°K 


Rydberg constant 


..molar volume.............. 


Lisziants 10973731.53413 /_m 

retaken 2.241409E - 2_m?/_mol 

.. permittivity of a vacuum....... 8.8541878176204E - 12_F/_m 
... Stefan-Boltzmann constant ..5.6705119E - 8_W/_m2/_°K* 


magnetic flux quantum....... 2.0678346161E - 15 Wb 


permeability of a vacuum .... 1.2566370614359E - 6_N/_A? 


Bohr magneton............00 9.2740154E - 24 J+ _m?/_Wb 


angstrom 
astronomical unit 
centimeter 


.inch 


_Mi...... mile 
mil......... 1/1000 inch 

_mm........ millimeter 

- .... nautical mile 

_DCvistiens parsec 
rod......... rod 

YG wee yard 

_h. .... micron 

A wedveiuc angstrom 


NONK (SI) (ENG/US) 
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Volume 


Time 


Velocity 


Acceleration 


Temperature 


Luminous Intensity 


Amount of 
Substance 


Mass 


Force 


Energy 


Power 


cup........ cup 
_flloz........ fluid ounce 
_flozUK.. British fluid ounce 
_gal gallon 
_galUK.... British gallon 

| Pereerertrrey liter 


no pre-defined units 


Cision °Celsius 

For °, press [2nd] [2]. 
OF ces °Fahrenheit 
CO... candela 


(no default) 


_mol........ mole 
(no default) 


atomic mass unit 
.. gram 

kilogram (SI) 
Blomerrry pound (ENG/US) 
.. milligram 

metric ton 


_dyne...... dyne 
kef......... kilogram force 
_Ibf.......... pound force (ENG/US) 


_ Btu... British thermal unit 
(ENG/US) 

calorie 

.. erg 

electron volt 


horsepower (ENG/US) 
kilowatt 
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ju] leeererrs milliliter 
Dbisscccssss pint 
6 | eererereery, quart 
.... tablespoon 
tsp... teaspoon 


NONE (Sl) (ENG/US) 


ISR ecseessss second (SI) (ENG/US) 
_week.....week 

CYT ietssctiins year 

MS rietises microsecond 


ZOReeeiees °Rankine 
(no default) 


_tonne ....metric ton 
_tonUK...long ton 


Nagesssevszss newton (SI) 
_tonf....... ton force 


_ftlb......... foot-pound 

Die vewtsahetes joule (Sl) 

_keal....... kilocalorie 
kWh........ kilowatt-hour 

_latm....... liter-atmosphere 


We esessdsessy watt (SI) 


Pressure 


Viscosity, Kinematic 


Viscosity, Dynamic 


Frequency 


Electric Current 


Charge 


Potential 


Resistance 


Conductance 


Capacitance 


Mag Field Strength 
Mag Flux Density 
Magnetic Flux 


Inductance 


_atm........ atmosphere 
_bar......... bar 

_inH20O... inches of water 
inHg...... inches of mercury 


_mmH20.. millimeters of water 


EDD eecsesid stokes 


_GHiz....... gigahertz 
AZ sccccens hertz (SI) (ENG/US) 


... ampere (SI) (ENG/US) 
_kA......... kiloampere 
_mA........ milliampere 


_mho....... mho (ENG/US) 
... millimho 


Bs ccevegetiis farad (SI) (ENG/US) 


Oe ue oersted 
GS. haa gauss 


Wb......... weber (SI) (ENG/US) 


mmHg... 


millimeters of mecury 
pascal (SI) 

pounds per square 
inch (ENG/US) 
millimeters of mecury 


kilohertz 
megahertz 


microampere 


megaohm 


ohm (SI) (ENG/US) 


_siemens..siemens (SI) 
_umbho ....micromho 


microfarad 


NONE (Sl) (ENG/US) 


tesla (SI) (ENG/US) 


microhenry 
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Additional Home Screen Topics 


Saving the Home Screen Entries as a Text Editor Script ............... 94 
Cutting, Copying, and Pasting Information ................... .95 
Creating and Evaluating User-Defined Functions. ....... .97 


Using Folders to Store Independent Sets of Variables .. 
If an Entry or Answer Is “Too Big” 


To help you get started using the TI-89 / TI-92 Plus as quickly as 
possible, Chapter 2 described the basic operations of the Home 
screen. 


This chapter describes additional operations that can help you 
use the Home screen more effectively. 


Fir [F2-] Fur [FS Fer 
atc [Other|Prarojc tan UF 


KAD AUTO FUME 


Because this chapter consists of various stand-alone topics, it 
does not start with a “preview” example. 
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Saving the Home Screen Entries as a Text Editor Script 


Saving the Entries 
in the History Area 


Note: Only the entries are 
saved, not the answers. 


Note: For information about 
folders, refer to page 100. 


Restoring the Saved 
Entries 


Note: For complete 
information on using the 
Text Editor and executing a 
command script, refer to 
Chapter 18. 


From the Home screen: 


1. Press [Fi] and select 2:Save Copy As. 


biParte 
fifelete + 
StClear Home 
2. Specify a folder and text variable SAVE COPY AE 

that you want to use to store the Dee eg 

entries. vaviab te: [) 

Item Description 

Type Automatically set as Text and cannot be changed. 

Folder Shows the folder in which the text variable will be 


stored. To use a different folder, press ® to display a 
menu of existing folders. Then select a folder. 


Variable Type a valid, unused variable name. 


3. Press [ENTER] (after typing in an input box such as Variable, press 
ENTER] twice). 


Because the entries are stored in a script format, you cannot restore 
them from the Home screen. (On the Home screen’s (F1] toolbar 
menu, 1:Open is not available.) Instead: 


1. Use the Text Editor to open the variable containing the saved 
Home screen entries. 


The saved entries are listed as a series of command lines that you 
can execute individually, in any order. 


2. Starting with the cursor on 
the first line of the script, 
press [F4] repeatedly to 
execute the commands line 


Meet be Le 
zeros(f tx), xa 


ee x 
eideftxd, wath ox 
i zerostdf tx, xo 


by line. szerostdf(x), x)  f1/3 13 
3. Display the restored Home HAIN, RAD AUTO FUNG 
screen. This split screen shows the Text Editor 


(with the command line script) and the 
restored Home screen. 
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Cutting, Copying, and Pasting Information 


Auto-paste vs. 
Cut/Copy/Paste 


Cutting or Copying 
Information to the 
Clipboard 


Tip: You can cut, copy or 
paste without having to use 
the [Fi] toolbar menu. Press: 


+) [cut], [+] [copy], or [+] [PASTE] 


+) X, (4) C, or(4] V 


Note: When you cut or copy 
information, it replaces the 
clipboard’s previous 
contents, if any. 


Auto-paste, described in Chapter 2, is a quick way to copy an entry or 
answer in the history area and paste it to the entry line. 


1. Use © and © to highlight the item in the history area. 


2. Press [ENTER] to auto-paste that item to the entry line. 


To copy or move information in the entry line, you must use a cut, 
copy, or paste operation. (You can perform a copy operation in the 
history area, but not a cut or paste.) 


When you cut or copy information, that information is placed in the 
clipboard. However, cutting deletes the information from its current 
location (used to move information) and copying leaves the 
information. 


1. Highlight the characters that you want to cut or copy. 


In the entry line, move the cursor to either side of the characters. 
Hold [#] and press © or © to highlight characters to the left or 
right of the cursor, respectively. 


2. Press [Fi] and select 4:Cut or 5:Copy. 


Clipboard = (empty or the previous contents) 


PRET] 


After cut After copy 


v4 


solvet=0, x3 
HAIN RAD AUTO FUNC DrEr 


Clipboard = x*4- 3x*3- 6x*2+8x Clipboard = x*4- 3x*3- 6x*2+8x 


Cutting is not the same as deleting. When you delete information, it is 
not placed in the clipboard and cannot be retrieved. 
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Pasting Information 
from the Clipboard 


Example: Copying 
and Pasting 


Tip: You can also reuse an 
expression by creating a 
user-defined function. Refer 
to page 97. 


Tip: By copying and 
pasting, you can easily 
transfer information from 
one application to another. 


A paste operation inserts the contents of the clipboard at the current 
cursor location on the entry line. This does not change the contents 


of the clipboard. 


1. Position the cursor where you want to paste the information. 


2. Press [Fi] and select 6:Paste, or use the key shortcut: 


TI-89: [+] [PASTE] 
TI-92 Plus: 


ad 


Vv 


Suppose you want to reuse an expression without retyping it each 


time. 


1. Copy the applicable information. 


a. Use [t]® or (#] @ to highlight the 


expression. 


b. Press: 
TI-89: (+] [COPY 
TI-92 Plus: [¢] C 


c. For this example, press [ENTER] to evaluate the entry. 


2. Paste the copied information into a new entry. 


a. Press [F3] 1 to select the d differentiate function. 


b. Press: 
TI-89: [+] [PASTE] 
TI-92 Plus: [¢] V 
to paste the copied expression. 


c. Complete the new entry, and 
press [ENTER]. 


ssolvelx? - 3x4 - 6x2 45-6 
xedoor x=l or x= or b 


Cas rae ee 
MAH BAD AUTO FUNG FRET 


asoluelyt—3-x9-6-e#+9-> 
x=door x=1 or x =O or 


Sf ,4¢iau3 g.y248. 
a(x ax 6x7 +8 xl 
4-x3-9-x2-12-e49) 


a ee 
MAIN RAD AUTO FUNC PFT 


3. Paste the copied information into a different application. 


a. Press [¢][Y=] to display the Y= Editor. 


b. Press [ENTER] to define y1(x). 


c. Press: 
TI-89: [+] [PASTE] 
TI-92 Plus: L¢]V 
to paste. 


d. Press [ENTER] to save the new 
definition. 
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Creating and Evaluating User-Defined Functions 


Format of a 
Function 


Note: Function names 
follow the same rules as 
variable names. Refer to 
“Storing and Recalling 
Variable Values” in 
Chapter 2. 


Creating a User- 
Defined Function 


The following examples show user-defined functions with one 
argument and two arguments. You can use as many arguments as 
necessary. In these examples, the definition consists of a single 
expression (or statement). 


1 
x 


cube(x) = x3 xroot(x,y) = y 
L_ Definition L_ Definition 
Argument list Argument list 
Function name Function name 


When defining functions and programs, use unique names for 
arguments that will not be used in the arguments for a subsequent 
function or program call. 


In the argument list, be sure to use the same arguments that are used 
in the definition. For example, cube(n) = x3 gives unexpected results 
when you evaluate the function. 


Arguments (x and y in these examples) are placeholders that 
represent whatever values you pass to the function. They do not 
represent the variables x and y unless you specifically pass x and y as 
the arguments when you evaluate the function. 


Use one of the following methods. 


Method Description 
STO>| Store an expression to a function name 
(including the argument list). 
Ld Pe + cubetx) Done} 
i 
au sxroot(x, uy Done 
We lex dexroottx, ye 


MAIN RAG AUTO FUG FRET] 


Define command Define a function name (including the argument 
list) as an expression. 


eDefine cubes) =x3 Done 
1 
Define xroottx, wey ™ 


Define xroottx,yrsu"tlexo 
MAIN RAD AUTO FUNC PFT) 


Program Editor Refer to Chapter 17 for information on creating a 
user-defined function. 
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Creating a Multi- 
Statement Function 


Note: For information about 
similarities and differences 
between functions and 
programs, refer to 

Chapter 17. 


Variables not in the 
argument list must be 
declared as local. 


Pe, 


Returns a message 
if nn is not an 
integer or if nn<0. 


Sums the reciprocals. 


Returns the sum. 


Use argument names that will never be used 
when calling the function or program. 


Tip: It's easier to create a 
complicated multi-statement 
function in the Program 
Editor than on the Home 
screen. Refer to Chapter 17. 


Evaluating a 
Function 


98 


You can also create a user-defined function whose definition consists 
of multiple statements. The definition can include many of the 
control and decision-making structures (If, Elself, Return, etc.) used 
in programming. 


For example, suppose you want to create a function that sums a 
series of reciprocals based on an entered integer (n): 


a | 


a 
tae-qtet 


When creating the definition of a multi-statement function, it may be 
helpful to visualize it first in a block form. 


Func 

Local temp,i 

If fPart(nn)#40 or nns0 
Return “bad argument” 

0>temp 

For i,nn,l,-1 
approx(tempt1/i)>temp 

EndFor 

Return temp 

EndFunc 


Func and EndFunc 
+——must begin and end the 
function. 


For information about 
the individual 
statements, refer to 
Appendix A. 


When entering a multi-statement function on the Home screen, you 
must enter the entire function on a single line. Use the Define 
command just as you would for a single-statement function. 


— 


Define sumrecip(nn)=Func: Local 


i= Use a colon to separate each statement. 


:EndFunc 


temp,i: 


Multi-statement functions — 


On the Home screen: show as “Func”. 


sQefine sumpecipcnng=Func 
One 

Define sumrecipennj=Funct.. 

MAIN RAD AUTO FUNG oE0 


Enter a multi-statement 
function on one line. Be 
sure to include colons. 


You can use a user-defined function just as you would any other 
function. Evaluate it by itself or include it in another expression. 


Bxpootos, 1253 ba] 


eee 9 12544 ! xroottx,b 
5 
a2-xpoot(d, 125) 

= sumrecipc2i) 
sumpecip( 20) 


sumpecips 20d 
MAM RAD AUTO FUNG BPFTI 


15 
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Displaying and 
Editing a Function 
Definition 


Note: You can view a user- 
defined function in the 
CATALOG dialog box, but 
you cannot use the 
CATALOG to view or edit its 
definition. 


To: 


Display a list of all 
user-defined functions 


Display a list of Flash 
application functions 


Display the definition 
of a user-defined 
function 


Edit the definition 


Do this: 


Press (2nd) [VAR-LINK] to display the VAR-LINK 
screen. You may need to use the [F2] View 
toolbar menu to specify the Function 
variable type. (Refer to Chapter 21.) 


— or — 


Press: 
TI-89: [CATALOG] [F4 
TI-92 Plus: (2nd) [CATALOG] [F4 


Press: 
TI-89: [CATALOG] [F3 
TI-92 Plus: [2nd] [CATALOG] (F3] 


From the VAR-LINK screen, highlight the 
function and display the Contents menu. 
TI-89: (2nd) [Fé] 
TI-92 Plus: [F6 


— or — 


From the Home screen, press (2nd) [RCL]. 
Type the function name but not the 
argument list (such as xroot), and press 
ENTER] twice. 


— or — 


From the Program Editor, open the 
function. (Refer to Chapter 17.) 


From the Home screen, use [2nd] [RCL] to 
display the definition. Edit the definition as 
necessary. Then use [STO>] or Define to save 
the new definition. 


— or — 


From the Program Editor, open the 
function, edit it, and save your changes. 
(Refer to Chapter 17.) 
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Using Folders to Store Independent Sets of Variables 


Folders and 
Variables 


Note: User-defined 
variables are stored in the 
“current folder” unless you 
specify otherwise. Refer to 
“Using Variables in Different 
Folders” on page 102. 


100 


Folders give you a convenient way to manage variables by organizing 
them into related groups. For example, you can create separate 
folders for different TI-89 / TI-92 Plus applications (Math, Text Editor, 


etc.) or classes. 


¢ You can store a user- 
defined variable in any 
existing folder. 


Example of variables that 
can be stored in MAIN only 
Window variables 
(xmin, xmax, etc.) 
Table setup variables 
(ThlStart, ATbl, etc.) 
Y= Editor functions 
(y1(x), ete.) 


« Asystem variable or a 
variable with a reserved 
name, however, can be 
stored in the MAIN folder 
only. 


The user-defined variables in 
one folder are independent of 
the variables in any other 
folder. 


Therefore, folders can store separate sets of variables with the same 
names but different values. 


[reticlanScbraléare|atnc [restwolereer ur| | 
Tools A cbraplate| Other FramiO}C lean Ue] 
MAIN 
Blea WV Vvari bl System variables 
a24b 2 arapies User-defined 
asec 3 (¢ » a=1, b=2, c=3 
wx tx? tx 3 FLX) Done} f(x)=x8 +x? +x 
BO StH Ste HF Oh 
MAIH RAG AUTO FUME asin 
a= ; i ALG102 
ame of current folder Usercdetined 
> b=5, c=100 
f(x)=sin(x)+cos(x) 
DAVE 
You cannot create a folder User-defined 
within another folder. [——*]  a=3, b=1, c=2 
f(x)=x2 46 
MATH 
User-defined 
, a=42, c=6 
f(x)=3x? +4x4+25 


The system variables in the MAIN folder are always directly 
accessible, regardless of the current folder. 
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Creating a Folder 
from the Home 
Screen 


Creating a Folder 
from the VAR-LINK 
Screen 


Setting the Current 
Folder from the 
Home Screen 


Setting the Current 
Folder from the 
MODE Dialog Box 


Tip: To cancel the menu or 
exit the dialog box without 

saving any changes, press 
ESC]. 


Enter the NewFold command. 


NewFold folderName 


hs Folder name to create. This new folder is set 
automatically as the current folder. 


The VAR-LINK screen, which is described in Chapter 21, lists the 
existing variables and folders. 


1. Press (2nd) [VAR-LINK]. 


2. Press [Fi] Manage and select 
5:Create Folder. 


CREATE MEM FOLDER 
Felder: [] 
Enter=Oh ESC=CANCEL 


3. Type a unique folder name up to 
eight characters, and press 
ENTER] twice. 


After you create a new folder from VAR-LINK, that folder is not 
automatically set as the current folder. 


Enter the setFold function. 


setFold (folderName) 


be setFold is a function, which requires you to 
enclose the folder name in parentheses. 


When you execute setFold, it returns the name of the folder that was 


previously set as the current folder. 


To use the MODE dialog box: 


1. Press [MODE]. 


2. Highlight the Current THODE 
Folder setting. rade alpase alrase = 


2 she © fo display - ee Forti 
menu of existing f 


Complex Format... 
Vector For 
folders. 


PreERY Prin! 


Enter=SAve 


OW+ 


ESCSCANCEL 


4. Select the applicable 
folder. Either: 


¢ Highlight the folder name and press [ENTER]. 
—or— 
¢ Press the corresponding number or letter for that folder. 


5. Press [ENTER] to save your changes and close the dialog box. 
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Using Variables in 
Different Folders 


Note: This example 
assumes that you have 
already created a folder 
named MATH. 


Note: For information about 
the VAR-LINK screen, refer 
to Chapter 21. 


Deleting a Folder 
from the Home 
Screen 


Note: You cannot delete the 
MAIN folder. 


Deleting a Folder 
from the VAR-LINK 
Screen 


You can access a user-defined variable or function that is not in the 
current folder. Specify the complete pathname instead of only the 
variable name. 


A pathname has the form: 


folderName\variableName 
—or— 
SolderName\functionName 


For example: 


If Current Folder = MAIN Folders 

eisa 1 

wy te exe PO Done 

"42 4 mathsa 42 MAIN 

Bax! + ee + 25 9 mathsPood a=1 

Dore} =y3 4x2 

Te dada dsonath Pa? HO) AKT eX 
MAIN RAD AUTO FUNC Chri) 


aosg al MATH 

=4-mathya 165 a=42 

arog) 155) f(x) =3x?+4x+25 
= mathsP lay 120) 

Math hreso 


MAIN RAG AUTO FUME Chri) 


To see a list of existing folders and variables, press [2nd] [VAR-LINK]. On 
the VAR-LINK screen, you can highlight a variable and press [ENTER] to 
paste that variable name to the Home screen’s entry line. If you paste 
a variable name that is not in the current folder, the pathname 
(folderName\ariableName) is pasted. 


Before deleting a folder, you must delete all the variables stored in 
that folder. 


¢ To delete a variable, enter the DelVar command. 
DelVar varl [, var2] [, var3] ... 
¢ To delete an empty folder, enter the DelFold command. 


DelFold folder1 [, folder2] [, folder3] ... 


VAR-LINK lets you delete a folder and its variables at the same time. 
Refer to Chapter 21. 


1. Press (2nd) [VAR-LINK]. 


2. Select the item(s) to delete and press [F1] 1 or [+]. (If you use [F4 
to select a folder, its variables are selected automatically.) 


3. Press [ENTER] to confirm the deletion. 
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If an Entry or Answer Is “Too Big” 


If an Entry or 
Answer Is 
“Too Long” 


Note: This example uses 
the randMat function to 
generate a 25 x 25 matrix. 


If There Is not 
Enough Memory 


Note: This example uses 
the seq function to generate 
a sequential list of integers 
from 1 to 2500. 


Move the cursor into the history area, and highlight the entry or 
answer. Then use the cursor pad to scroll. For example: 


¢ The following shows an answer that is too long for one line. 


pandl(x +297] 


or © expand (¢xtzo "Fo or (2nd 
to scroll Hal BAD AUTO FUne i to scroll 
left. right. 


¢ The following shows an answer that is both too long and too tall 
to be displayed on the screen. 


TI-89: Press © or [#] © to scroll up. 
TI-92 Plus: Press © or (] © to scroll up 


Press ©@ —+ (j|—— Press ® 
or (2nd) © or (2nd 
to scroll - : to scroll 
left. Pandnatc2s, 25) right. 


MAIN RAD AUTO FUNC 


TI-89: Press [4] © to scroll down. 4 
TI-92 Plus: Press (] © to scroll down 


A <<...>>symbol is displayed when the TI-89 / TI-92 Plus does not have 
enough free memory to display the answer. 


For example: 


Bseqin.n, 1, 2900) ers 
seqtnin, 1, 2500 
MAIN EAD AUTO FUNC RFT) 


When you see the <<...>> symbol, the answer cannot be displayed 
even if you highlight it and try to scroll. 


In general, you can try to: 


* Free up additional memory by deleting unneeded variables and/or 
Flash applications. Use [2nd] [VAR-LINK] as described in Chapter 21. 


¢ If possible, break the problem into smaller parts that can be 
calculated and displayed with less memory. 
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Basic Function Graphing 


Preview of Basic Function Graphing...........eceeeeceeeseeeeeeeeeeeeeeeeeeeeeeeee 106 
Overview of Steps in Graphing Functions .....0..... cc eeeeeeseeseeeeeeeeeeeee 107 
Setting the Graph Mode...........scecceceseseeseeeeseeeeeeeseeseeeceeeeseecsesaeeesseeaeseeee 108 
Defining Functions for Graphing . .. 109 
Selecting Functions to Graph.............. 111 
Setting the Display Style for a PimcHia. 112 
Defining the Viewing Window............. .. 113 
Changing the Graph Format..... 114 
Graphing the Selected Functions... cccecseseesseseeesteeseeeeeeeeeeeeeeeee 115 
Displaying Coordinates with the Free-Moving Cursot..............:.00 116 
THACING & FUNCHON :.:iccisccscavsisecanesniccsassssccensesiaseccessiziaasueatsaczntsacatesesseatsad 117 
Using Zooms to Explore a Graph ......e ce ceeeesesseeceeeeseeeeeeeeeeeeeeeeeeeeees 119 
Using Math Tools to Analyze Functions ......0. ccc ecseeeeseeseeeeeeeneeeeeees 122 


This chapter describes the steps used to display and explore a 
graph. Before using this chapter, you should be familiar with 
Chapter 2. 


Y= Editor shows 
an algebraic 
representation. 


Sl 
yi txg=1, SSsctcos ix 
MAIN RAD AUTO FUNC 


Fir FS FY Far [FP 
Tie 15) Trace Re Gr oF hh Lae Liked 


Graph screen a - 


shows a graphic 
representation. 


RAD AUTO FUNC 


Although this chapter describes how to graph y(x) functions, the 
basic steps apply to all graphing modes. Later chapters give 
specific information about the other graphing modes. 
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Preview of Basic Function Graphing 


Steps Display 


MObE 


1. Display the MODE dialog box. se 
For Graph mode, select @1 Ol leeds abst deta sas 
FUNCTION. ENTER 2[ENTER FLOAT 6% 
RAGIAN + 
: tase 
: 2] dector Forna RECTANGULAR + 
: [7 Prethy Print... N+ 
: : : 
2. Display the Home screen. Then :[HOME i ) [HOME] 5>r 
store the radius, 5, in variable r. $5 [ST0>)[alpha)R #5 [STO>) R 
?(ENTER ENTER 
3. Display and clear the Y= Editor. ij ry_ IDI 
Then define y1(x) =, | r2- x2, the i F1) 8 (ENTER i Fi] 8 (ENTER 
top half of a circle. i(ENTER) (2nd) [v-] —_: (ENTER) (2nd) [V" 
i@ha) RJ 2E) X ik 2E)X 
In function graphing, you must define : es 7 
separate functions for the top and 2D) (ENTER 2D) (ENTER 
bottom halves of a circle. 
4. Define y2(x) = -./1r2-x2, the i(ENTER ENTER 
function for the bottom halfof H)YIMOX0) QY1QOXD 
the circle. :(ENTER [ENTER 
i i :| a4 ; 
The bottom half is the negative of the i] Bez —-1(x), not simply y1. 
top half, so you can define y2(x) = i itGoerr os 
y1(x). : i ? [MAN RAD AUTO FUNG 
5. Select the ZoomStd viewing iF) 6 iF2) 6 : 
window, which automatically : : E an a 
graphs the functions. i E poppe 
In the standard viewing window, both i i “WW” 
the x and y axes range from -10to : 
10. However, this range is spread Notice slight gap 
over a longer distance along the x between top and 
axis than the y axis. Therefore, the bottom halves. 
circle appears as an ellipse. i i 
6. Select ZoomSoqr. iF] 5 iF] 5 


ZoomSaqr increases the range along : 
the x axis so that circles and squares 
are shown in correct proportion. 


Note: There is a gap between the top and bottom halves of the circle because each half is a 
separate function. The mathematical endpoints of each half are (-5,0) and (5,0). Depending on 
the viewing window, however, the plotted endpoints for each half may be slightly different from 
their mathematical endpoints. 
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Overview of Steps in Graphing Functions 


Graphing Functions Hine 
Set Graph mode ((MODE]) age ilpage elpaae = 
to FUNCTION. Grarh.. H 


Also set Angle mode, 
if necessary. 


Define functions on 
Y= Editor ((+} [y=]). 


Tip: To turn off any stat 
data plots (Chapter 16), 
press [F5] 5 or use [F4] to 
deselect them. 


Select ((F4]) which 
defined functions to 


graph. 


Gite s=] Gr aaa a 
MAIM RAD AUTO FUNC 


Set the display sty 
Tip: This i tional. F a function. 
ip: This is optional. For so 
multiple functions, this helps TI-89: Eng] [Fe] 
visually distinguish one from TI-92 Plus: [Fé 
another. 
smin=-10. 
Define the viewing seeyete 
Tip: (F2]) Zoom also changes window ((s] [winpow]). ymins 740. 
the viewing window. gscl=1. 
eres=2 
Change the graph GRAFH FORMATS 
format, if necessary. POP AING ce BEETS 


Graph Order... SEQ+ 


Fi] 9 Grid 
—or— 
Labels... OFF 
TI-89: [+ 


TI-92 Plus: 
Graph the selected yaa Bie ters 
functions ({+] [GRAPH]). Se fo 


Exploring the Graph From the Graph screen, you can: 


¢ Display the coordinates of any pixel by using the free-moving 
cursor, or of a plotted point by tracing a function. 


¢ Use the [F2] Zoom toolbar menu to zoom in or out on a portion of 
the graph. 


¢ Use the [F5] Math toolbar menu to find a zero, minimum, 
maximum, etc. 
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Setting the Graph Mode 


Graph Mode 


Note: For graphs that do not 
use complex numbers, set 
Complex Format = REAL. 
Otherwise, it may affect 
graphs that use powers, 
such as x, 


Note: Other Graph mode 
settings are described in 
later chapters. 


Angle Mode 


Checking the 
Status Line 


108 


1. Press [MODE] to display the MODE dialog box, which shows the 


current mode settings. 


2. Set the Graph mode to FUNCTION. Refer to “Setting Modes” in 
Chapter 2. 


f MODE i 


(23 FE Fz 
Fade iPage z|Fade ¢ 


Enter=sAve EScsCANcCEl 


While this chapter specifically describes y(x) function graphs, the 
TI-89 / TI-92 Plus lets you select from six Graph mode settings. 


Graph Mode Setting Description 


FUNCTION y(x) functions 

PARAMETRIC x(t) and y(t) parametric equations 
POLAR r(8) polar equations 

SEQUENCE u(n) sequences 

3D z(x,y) 3D equations 


DIFFERENTIAL EQUATION _ y’(t) differential equations 


When using trigonometric functions, set the Angle mode for the units 
(RADIAN or DEGREE) in which you want to enter and display angle 
values. 


To see the current Graph mode and Angle mode, check the status line 
at the bottom of the screen. 


MAlM RAD AUTO FUMC 
Angle Graph 
Mode Mode 
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Defining Functions for Graphing 


Defining a New 
Function 


Note: The function list 
shows abbreviated function 
names such as y1, but the 
entry line shows the full 
name y1(x). 


Tip: For an undefined 
function, you do not need to 
press (ENTER) or(F3]. When 
you begin typing, the cursor 
moves to the entry line. 


Tip: If you accidentally 
move the cursor to the entry 
line, press [ESC] to move it 
back to the function list. 


Editing a Function 


Tip: To cancel any editing 
changes, press [ESC] instead 
of (ENTER). 


1. Press [+] [Y=] or [APPS] 2 to display the Y= Editor. 

fretisjebara Ea 4 RE e- |e. 

Txols|Zomra| Edit] + JAI pStyTe|s%. 5 | 

“PLOTS Plots — You can scroll above y1= to see 

fyi a list of stat plots. See Chapter 16. 
gee SO) Function List — You can scroll through 
a= the list of functions and definitions. 

wes . . 

fulexs= Or exe) — Entry Line — Where you define or 


MaAIM 


RAD AUTO FUNG edit the function highlighted in the list. 


5. 


Press © and © to move the cursor to any undefined function. 
(Use [2nd] © and [2nd] © to scroll one page at a time.) 


Press [ENTER] or [F3] to move the cursor to the entry line. 


Type the expression to define the function. 
¢ The independent variable in function graphing is x. 


¢ The expression can refer to other variables, including 
matrices, lists, and other functions. Only floats and lists of 
floats will produce a plot. 


When you complete the expression, press [ENTER]. 


The function list now shows the new function, which is 


aut 


omatically selected for graphing. 


From the Y= Editor: 


1. 
2. 
3. 


4. 


Press © and © to highlight the function. 


Press [ENTER] or [F3] to move the cursor to the entry line. 


Do any of the following. 


* Use @ and @ to move the cursor within the expression and 
edit it. Refer to “Editing an Expression in the Entry Line” in 
Chapter 2. 

—or— 

¢ Press [CLEAR] once or twice to clear the old expression, and 

then type the new one. 


Press [ENTER]. 


The function list now shows the edited function, which is 


aut 


omatically selected for graphing. 
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Clearing a Function 


Note: [Fi] 8 does not erase 
any stat plots (Chapter 16). 


Shortcuts to Move 
the Cursor 


From the Home 
Screen ora 
Program 


Tip: User-defined functions 
can have almost any name. 
However, if you want them 
to appear in the Y= Editor, 
use function names y1(x), 
y2(x), etc. 


From the Y= Editor: 


To erase: Do this: 


A function from Highlight the function and press [+] or [CLEAR]. 
the function list 


A function from Press [CLEAR] once or twice (depending on the 
the entry line cursor’s location) and then press [ENTER]. 
All functions Press [F1] and then select 8:Clear Functions. 


When prompted for confirmation, press [ENTER]. 


You don’t have to clear a function to prevent it from being graphed. 
As described on page 111, you can select the functions you want to 
graph. 


From the Y=Editor: 


Press: To: 
«|}© or Go to function 1 or to the last defined function, 
ES) respectively. If the cursor is on or past the last 


defined function, [+] © goes to function 99. 


You can also define and evaluate a function from the Home screen or 
a program. 


¢ Use the Define and Graph commands. Refer to: 


— “Graphing a Function Defined on the Home Screen” and 
“Graphing a Piecewise Defined Function” in Chapter 12. 


“Overview of Entering a Function” in Chapter 17. 
¢ Store an expression directly to a function variable. Refer to: 
— “Storing and Recalling Variable Values” in Chapter 2. 


— “Creating and Evaluating User-Defined Functions” in 
Chapter 5. 
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Selecting Functions to Graph 


Selecting or 
Deselecting 
Functions 


Selected —_| 


Deselected 


Tip: You don’t have to 
select a function when you 
enter or edit it; it is selected 
automatically. 


Tip: To turn off any stat 
plots, press [F5) 5 or use [F4 
to deselect them. 


From the Home 
Screen or a Program 


Press 


} [Y=] or 


APPS 


2 to display the Y= Editor. 


A “J” indicates which functions will be graphed the next time you 
display the Graph screen. 


=x 29 


i txt ore 
MAM i 


AD AUTO 


FUME 


If PLOT numbers are 
displayed, those stat plots 
are selected. 


In this example, Plots 1 
and 2 are selected. To 

view them, scroll above 
yl=. 


To select or deselect: 
A specified function 


Do this: 


1. Move the cursor to highlight the function. 


2. Press 


F4). 


This proced 
or deselects a selected function. 


ure selects a deselected function 


All functions 


1. Press 


LFS) 


to display the All toolbar menu. 


2. Select the applicable item. 


eset St 


SiQata Plots Off 


You can also select or deselect functions from the Home screen or a 
program. 


Use the FnOn and FnOff commands (available from the Home 
Other toolbar menu) for functions. Refer to 


screen’s 


F4 


Appendix A. 


Use the PlotsOn and PlotsOff commands for stat plots. Refer to 
Appendix A. 
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Setting the Display Style for a Function 


Displaying or 
Changing a 
Function’s Style 


Tip: To set Line as the style 
for all functions, press [F5 
and select 4:Reset Styles. 


If You Use Above or 
Below Shading 


From the Home 
Screen or a Program 


From the Y= Editor: 


1. Move the cursor to highlight the applicable function. 


2. Select the Style menu: 
TI-89: Press [2nd] [Fé]. 
TI-92 Plus: Press [F6]. 


Fi 


¢ Although the Line item is initially 
highlighted, the function’s current style is 
indicated by a Y mark. 


? Do 
1 Square 
Thick 


¢ To exit the menu without making a 
change, press [ESC]. 


3. To make a change, select the applicable style. 


Style Description 

Line Connects plotted points with a line. This is the default. 

Dot Displays a dot at each plotted point. 

Square Displays a solid box at each plotted point. 

Thick Connects plotted points with a thick line. 

Animate A round cursor moves along the leading edge of the 
graph but does not leave a path. 

Path A round cursor moves along the leading edge of the 
graph and does leave a path. 

Above Shades the area above the graph. 

Below Shades the area below the graph. 


The TI-89 / TI-92 Plus has four shading patterns, used on a rotating 
basis. If you set one function as shaded, it uses the first pattern. The 
next shaded function uses the second pattern, etc. The fifth shaded 
function reuses the first pattern. 


When shaded areas intersect, 
their patterns overlap. 


i} v lh. ] 
You can also set a function’s style from the Home screen or a 
program. Refer to the Style command in Appendix A. 
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Defining the Viewing Window 


Displaying Window 
Variables in the 
Window Editor 


Tip: To turn off tick marks, 
set xscl=0 and/or yscl=0. 


Tip: Small values of xres 
improve the graph’s 
resolution but may reduce 
the graphing speed. 


Changing the 
Values 


Note: If you type an 
expression, it is evaluated 
when you move the cursor 
to a different Window 
variable or leave the 
Window Editor. 


From the Home 


Screen or a Program 


Press [+] [WINDOW] or [APPS] 3 to display the Window Editor. 


ymax 


F a «se 


xmax / 


ymin N yscl 
Window Variables Corresponding Viewing Window 
(shown in Window Editor) (shown on Graph screen) 
Variable Description 
xmin, xmax, Boundaries of the viewing window. 
ymin, ymax 
xscl, yscl Distance between tick marks on the x and y axes. 
xres Sets pixel resolution (1 through 10) for function graphs. 
The default is 2. 
¢ At 1, functions are evaluated and graphed at each 
pixel along the x axis. 
¢ At 10, functions are evaluated and graphed at every 
10th pixel along the x axis. 
From the Window Editor: 


1. Move the cursor to highlight the value you want to change. 
2. Do any of the following: 


¢ Type a value or an expression. The old value is erased when 
you begin typing. 
—or— 

¢ Press [CLEAR] to clear the old value; then type the new one. 
—or— 

¢ Press © or ® to remove the highlighting; then edit the value. 


Values are stored as you type them; you do not need to press [ENTER]. 
ENTER] simply moves the cursor to the next Window variable. 


You can also store values directly to the Window variables from the 
Home screen or a program. Refer to “Storing and Recalling Variable 
Values” in Chapter 2. 
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Changing the Graph Format 


Displaying Graph From the Y= Editor, Window Editor, or Graph screen, press [F1] and 
Format Settings select 9:Format. 


(GRAFH FORMATS 
Coordingbes.. 
Tip: You also can display Grarh Order 
the GRAPH FORMATS 
dialog box from the Y= 
Editor, Window Editor, or ¢ To exit without making a 
Graph screen. Press: change, press [ESC]. 

TI-89: (*] 0 
TI-92 Plus: (¢] F 


¢ The GRAPH FORMATS dialog 
box shows the current 
settings. 


Format Description 
Coordinates Shows cursor coordinates in rectangular (RECT) 
or polar (POLAR) form, or hides (OFF) the 
coordinates. 
Graph Order Graphs functions one at a time (SEQ) or all at the 
same time (SIMUL). 
Tip: To turn off tick marks, Grid Shows (ON) or hides (OFF) grid points that 
define the viewing window correspond to the tick marks on the axes. 
so that xscl and/or yscl = 0. 
Axes Shows (ON) or hides (OFF) the x and y axes. 


Leading Cursor Shows (ON) or hides (OFF) a reference cursor 
that tracks the functions as they are graphed. 


Labels Shows (ON) or hides (OFF) labels for the x and y 
axes. 


Changing Settings From the GRAPH FORMATS dialog box: 
1. Move the cursor to highlight the format setting. 
2. Press ® to display a menu of valid settings for that format. 
3. Select a setting. Hither: 


Tip: To cancel a menu or ¢« Move the cursor to highlight the setting, and then press [ENTER]. 
exit the dialog box without —or— 

saving any changes, use 
ESC] instead of [ENTER]. 


¢ Press the number for that setting. 


4. After changing all applicable format settings, press [ENTER] to save 
your changes and close the GRAPH FORMATS dialog box. 
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Graphing the Selected Functions 


Displaying the 
Graph Screen 


Note: If you select an 

F2] Zoom operation from the 
Y= Editor or Window Editor, 
the TI-89/ TI-92 Plus 
automatically displays the 
Graph screen. 


Interrupting 
Graphing 


If You Need to 
Change the Viewing 
Window 


Smart Graph 


Press [¢] [GRAPH] or [APPS] 4. The TI-89 / TI-92 Plus automatically graphs 
the selected functions. 


FS EY Fo+] Fer [Fe 
Trace| Re Grarh| Math} or aw | Pen 


RAD AUTO FUME 


i 


BUSY indicator shows while 
graphing is in progress. 
While graphing is in progress: 


¢ To pause graphing temporarily, press [ENTER]. (The PAUSE 
indicator replaces BUSY.) To resume, press [ENTER] again. 


¢ To cancel graphing, press [ON]. To start graphing again from the 
beginning, press [F4] (ReGraph). 


Depending on various settings, a function may be graphed such that 
it is too small, too large, or offset too far to one side of the screen. To 
correct this: 


¢ Redefine the viewing window with different boundaries 
(page 113). 
« Use a Zoom operation (page 119). 


When you display the Graph screen, the Smart Graph feature displays 
the previous window contents immediately, provided nothing has 
changed that requires regraphing. 


Smart Graph updates the window and regraphs only if you have: 
* Changed a mode setting that affects graphing, a function’s 
graphing attribute, a Window variable, or a graph format. 


¢ Selected or deselected a function or stat plot. (If you only select a 
new function, Smart Graph adds that function to the Graph screen.) 


¢« Changed the definition of a selected function or the value of a 
variable in a selected function. 


¢ Cleared a drawn object (Chapter 12). 
¢ Changed a stat plot definition (Chapter 16). 


Chapter 6: Basic Function Graphing 115 


Displaying Coordinates with the Free-Moving Cursor 


Free-Moving Cursor 


Tip: If your screen does not 
show coordinates, set the 
graph format so that 
Coordinates = RECT or 
POLAR. Press: 

TI-89: (*] U1 
TI-92 Plus: (#] F 


Tip: To hide the cursor and 
its coordinates temporarily, 
press (CLEAR), (ESC), or (ENTER). 
The next time you move the 
cursor, it moves from its last 
position. 


When you first display the Graph screen, no cursor is visible. To 


display the cursor, press a cursor pad arrow. The cursor moves from 


the center of the screen, and its coordinates are displayed. 


t——y1(x)=x2 


t+—— The “c” indicates these are cursor 
coordinates. The values are stored in 
the xc and yc system variables. 


mob. 253165 


yor. 526316 


Rectangular coordinates use xc and 
yc. Polar coordinates use rc and 6c. 


To move the free-moving cursor: Press: 


To an adjoining pixel A cursor pad arrow for any 


direction. 


In increments of 10 pixels 2nd] and then a cursor pad 
arrow. 


When you move the cursor to a pixel that appears to be “on” the 
function, it may be near the function but not on it. 


Fir | Fer |_ Fz Fu For 
TomIsecem|Trace|ReGrarh| bra] 


4.73 
FUNC 


RAD AUTO 


Cursor coordinates are for 
the center of the pixel, not 
the function. 


To increase the accuracy: 


¢ Use the Trace tool described on the next page to display 
coordinates that are on the function. 


¢« Use a Zoom operation to zoom in on a portion of the graph. 
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Tracing a Function 


Beginning a Trace 


Note: If any stat plots are 
graphed (Chapter 16), the 
trace cursor appears on the 
lowest-numbered stat plot. 


Moving along a 
Function 


Note: If you enter an x 
value, it must be between 
xmin and xmax. 


Tip: If your screen does not 
show coordinates, set the 
graph format so that 
Coordinates = RECT or 
POLAR. Press: 

TI-89: (*] U1 
TI-92 Plus: (#] F 


Tip: Use QuickCenter, 

described on the next page, 
to trace a function that goes 
above or below the window. 


From the Graph screen, press [F3]. 


The trace cursor appears on the function, at the middle x value on 
the screen. The cursor’s coordinates are displayed at the bottom of 
the screen. 


If multiple functions are graphed, the trace cursor appears on the 
lowest-numbered function selected in the Y= Editor. The function 
number is shown in the upper right part of the screen. 


Do this: 
Press © or ®. 


Press [2nd] © or [2nd] ®. 


To move the trace cursor: 


To the previous or next plotted point 


Approximately 5 plotted points 
(it may be more or less than 5, 
depending on the xres Window variable) 


To aspecified x value on the function Type the x value and 


press [ENTER]. 


The trace cursor moves only from plotted point to plotted point 
along the function, not from pixel to pixel. 


Function number being 
traced. For example: y3(x). 


Fiz FS Fu For 
T 0 15} Trace |ReGrarh|Math| 


pra lFea 
3 


god. 6308 
TAIN RAD AUTO FUNE 


Trace coordinates are 
those of the function, not 
the pixel. 


Each displayed y value is calculated from the x value; that is, y=yn/(x). 
If the function is undefined at an x value, the y value is blank. 


You can continue to trace a function that goes above or below the 
viewing window. You cannot see the cursor as it moves in that 
“off the screen” area, but the displayed coordinate values show its 
correct coordinates. 
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Moving from 
Function to 
Function 


Automatic Panning 


Note: Automatic panning 
does not work if stat plots 
are displayed or if a function 
uses a shaded display style. 


Using QuickCenter 


Tip: You can use 
QuickCenter at any time 
during a trace, even when 
the cursor is still on the 
screen. 


Canceling Trace 


Press © or © to move to the previous or next selected function at 
the same x value. The new function number is shown on the screen. 


The “previous or next” function is based on the order of the selected 
functions in the Y= Editor, not the appearance of the functions as 
graphed on the screen. 


If you trace a function off the left or right edge of the screen, the 
viewing window automatically pans to the left or right. There is a 
slight pause while the new portion of the graph is drawn. 


actld, 2532 


eerid. 


wot “4, 19536 Wot “5.58055 


Before automatic pan After automatic pan 


After an automatic pan, the cursor continues tracing. 
If you trace a function off the top or bottom of the viewing window, 


you can press [ENTER] to center the viewing window on the cursor 
location. 


mci4d. le ree 


yori?.44o1 


Before using QuickCenter After using QuickCenter 


After QuickCenter, the cursor stops tracing. If you want to continue 
tracing, press [F3]. 


To cancel a trace at any time, press [ESC]. 


A trace is also canceled when you display another application screen 
such as the Y= Editor. When you return to the Graph screen and 
press [F3] to begin tracing: 


¢ If Smart Graph regraphed the screen, the cursor appears at the 
middle x value. 


¢ If Smart Graph does not regraph the screen, the cursor appears at 
its previous location (before you displayed the other application). 
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Using Zooms to Explore a Graph 


Overview of the 
Zoom Menu 


Note: If you select a Zoom 
tool from the Y=Editor or 
Window Editor, the 

TI-89 / TI-92 Plus 
automatically displays the 
Graph screen. 


Note: Ax and Ay are the 
distances from the center of 
one pixel to the center of an 
adjoining pixel. 


Press [F2] from the Y= Editor, Window Editor, or Graph screen. 


'ZoomTrig 
42oom Trt 


Procedures for using ZoomBox, 
ZoomIn, ZoomOut, ZoomStd, Memory, 
and SetFactors are given later in this 
section. 


For more information about the 
other items, refer to Appendix A. 


Zoom Tool 


ZoomBox 


ZoomIn, 
ZoomOut 


ZoomDec 
ZoomsSaqr 


ZoomStd 


ZoomTrig 


ZoomInt 


ZoomData 


ZoomFit 


Memory 


SetFactors 


Description 
Lets you draw a box and zoom in on that box. 


Lets you select a point and zoom in or out by an 
amount defined by SetFactors. 


Sets Ax and Ay to .1, and centers the origin. 


Adjusts Window variables so that a square or circle is 
shown in correct proportion (instead of a rectangle 
or ellipse). 


Sets Window variables to their default values. 


xmin = ~ 10 ymin = ~ 10 xres = 2 
xmax = 10 ymax = 10 
xscl = 1 yscl = 1 


Sets Window variables to preset values that are often 
appropriate for graphing trig functions. Centers the 
origin and sets: 


Ax = 1/24 (.130899... radians ymin = ~4 
or 7.5 degrees) ymax = 4 
xscl = 2/2 (1.570796... radians yscl = 0.5 


or 90 degrees) 
Lets you select a new center point, and then sets Ax 
and Ay to 1 and sets xscl and yscl to 10. 
Adjusts Window variables so that all selected stat 
plots are in view. Refer to Chapter 16. 


Adjusts the viewing window to display the full range 
of dependent variable values for the selected 
functions. In function graphing, this maintains the 
current xmin and xmax and adjusts ymin and ymax. 
Lets you store and recall Window variable settings so 
that you can recreate a custom viewing window. 


Lets you set Zoom factors for ZoomIn and ZoomOut. 
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Zooming In with a 
Zoom Box 


Tip: To move the cursor in 
larger increments, use 
2nd) Q), [2nd] ©, etc. 


Tip: You can cancel 
ZoomBox by pressing [ESC 
before you press [ENTER]. 


Zooming In and Out 
on a Point 


From the [F2] Zoom menu, select 1:ZoomBox. 
The screen prompts for 1st Corner? 


Move the cursor to any corner of the box you want to define, and 
then press [ENTER]. 


y1(x)=2+sin(x) 
The cursor changes to a small ay 


square, and the screen 
prompts for 2nd Corner? 


Move the cursor to the Qed Corn 

wet BS 
opposite corner of the zoom 
box. 


yo 2, T6842 


As you move the cursor, the 
box stretches. 


Ir 
3 yet “3.42105 


When you have outlined the 
area you want to zoom in on, 
press [ENTER]. 


The Graph screen shows the 
zoomed area. 


From the [F2] Zoom menu, 
select 2:Zoomin or 3:ZoomOut. 


A cursor appears, and the 
screen prompts for New 
Center? 


|r) 
Fe) yor, reo4dr4 


Move the cursor to the point 
where you want to zoom in or 
out, and then press [ENTER]. 


The TI-89 / TI-92 Plus adjusts 
the Window variables by the 
Zoom factors defined in 
SetFactors. 


2xOt1, 51899 yor, Pood rs 


¢ Fora ZoomIn, the x variables are divided by xFact, and the 
y variables are divided by yFact. 


‘ xmin 
new xmin = , etc. 
xFact 


¢ Fora ZoomOut, the x variables are multiplied by xFact, and the 
y variables are multiplied by yFact. 


new xmin = xmin * xFact , etc. 
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Changing Zoom 
Factors 


Tip: To exit without saving 
any changes, press [ESC]. 


Saving or Recalling 
a Viewing Window 


Note: You can store only 
one set of Window variable 
values at a time. Storing a 
new set overwrites the old 
set. 


Restoring the 
Standard Viewing 
Window 


The Zoom factors define the magnification and reduction used by 
ZoomIn and ZoomOut. 


1. From the 


FACTORS dialog box. 


200M FACTORS 


xFact EI 


vPack: [A 


zFact: [4 


The default setting is 4. 


ESCSCANCEL 


[F2] Zoom menu, select C:SetFactors to display the ZOOM 


Zoom factors must be = 1, but 
they do not have to be integers. 


2. Use © and @ to highlight the value you want to change. Then: 


¢ Type the new value. The old value is cleared automatically 


when you begin typing. 
—or— 
* Press © or ® to remove the highlighting, and then edit the old 
value. 
3. Press [ENTER] (after typing in an input box, you must press [ENTER 


twice) to save any changes and exit the dialog box. 


After using various Zoom tools, you may want to return to a previous 
viewing window or save the current one. 


1. From the 


submenu. 


[F2] Zoom menu, select 
B:Memory to display its 


2. Select the applicable item. 


Select: 


1:ZoomPrev 


2:ZoomSto 


3:ZoomRcl 


To: 


Return to the viewing window displayed before 


the previous zoom. 


Save the current viewing window. (The current 
Window variable values are stored to the system 


variables zxmin, zxmax, etc.) 


Recall the viewing window last stored with 


ZoomSto. 


You can restore the Window variables to their default values at any 


time. 


From the 


F2] Zoom menu, select 6:ZoomStd. 
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Using Math Tools to Analyze Functions 


Overview of the 
Math Menu 


Note: For Math results, 
cursor coordinates are 
stored in system variables 
xc and yc (rc and 6c if you 
use polar coordinates). 
Derivatives, integrals, 
distances, etc., are stored in 
the system variable 
sysMath. 
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Press [F5 


[Intersection 
Derivatives 
Df txdy 
4inf lection 


Math Tool 
Value 


Zero, 
Minimum, 
Maximum 


Intersection 
Derivatives 


Jf(x)dx 


Inflection 


Distance 


Tangent 


Arc 


Shade 
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from the Graph screen. 


On the Derivatives submenu, 
only dy/dx is available for 
function graphing. The other 
derivatives are available for 
other graphing modes 
(parametric, polar, etc.). 


Description 


Evaluates a selected y(x) function at a specified x 
value. 


Finds a zero (x-intercept), minimum, or maximum 
point within an interval. 


Finds the intersection of two functions. 
Finds the derivative (slope) at a point. 


Finds the approximate numerical integral over an 
interval. 


Finds the inflection point of a curve, where its 
second derivative changes sign (where the curve 
changes concavity). 


Draws and measures a line between two points on 
the same function or on two different functions. 


Draws a tangent line at a point and displays its 
equation. 


Finds the arc length between two points along a 
curve. 


Depends on the number of functions graphed. 


¢ Tf only one function is graphed, this shades the 
function’s area above or below the x axis. 


¢ Iftwo or more functions are graphed, this shades 
the area between any two functions within an 
interval. 


Finding y(x) ata 
Specified Point 


Tip: You can also display 
function coordinates by 
tracing the function ((F3}), 
typing an x value, and 
pressing [ENTER]. 


Finding a Zero, 
Minimum, or 
Maximum within an 
Interval 


Tip: Typing x values is a 
quick way to set bounds. 


Finding the 
Intersection of Two 
Functions within an 
Interval 


. Press [ENTER]. 


. From the Graph screen, press [F5] and select 1:Value. 


. Type the x value, which must be a real value between xmin and 


xmax. The value can be an expression. 


J y1(x)=1.25x*cos(x) 
1 


xOIaL yo? -3. 7124? 


The cursor moves to that 

x value on the first function 
selected in the Y= Editor, and 
its coordinates are displayed. 


. Press © or © to move the cursor between functions at the 


entered x value. The corresponding y value is displayed. 


Note: If you press © or (, the free-moving cursor appears. You 
may not be able to move it back to the entered x value. 


. From the Graph screen, press (F5] and select 2:Zero, 3:Minimum, or 


4:Maximum. 


. As necessary, use © and © to select the applicable function. 


Set the lower bound for x. Either use © and ® to move the cursor 
to the lower bound or type its x value. 


. Press [ENTER]. A> at the top of the screen marks the lower bound. 


Set the upper bound, and 
press [ENTER]. 


The cursor moves to the 
solution, and its coordinates 
are displayed. 


Zero/ al 
werd. 71239 yer. 


. From the Graph screen, press [F5] and select 5:Intersection. 


Select the first function, using © or © as necessary, and press 
ENTER]. The cursor moves to the next graphed function. 


Select the second function, and press [ENTER]. 


Set the lower bound for x. Either use © and ® to move the cursor 
to the lower bound or type its x value. 


. Press [ENTER]. A> at the top of the screen marks the lower bound. 


Set the upper bound, and y2(x)=2x-7 \ 


press [ENTER]. 


The cursor moves to the 
intersection, and its 
coordinates are displayed. Meroe 
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Finding the 
Derivative (Slope) at 
a Point 


Finding the 
Numerical Integral 
over an Interval 


Tip: Typing x values is a 


quick way to set the limits. 


Tip: To erase the shaded 
area, press [F4] (ReGraph). 


Finding an Inflection 
Point within an 
Interval 


. Press [ENTER]. 


. From the Graph screen, press [F5] and select 6:Derivatives. Then 


select 1:dy/dx from the submenu. 


. As necessary, use © and © to select the applicable function. 


Set the derivative point. 
Either move the cursor to the 
point or type its x value. 


The derivative at that point is 
displayed. 


. From the Graph screen, press [F5] and select 7:[f(x)dx. 
. As necessary, use © and © to select the applicable function. 


Set the lower limit for x. Either use © and ® to move the cursor 
to the lower limit or type its x value. 


. Press [ENTER]. A> at the top of the screen marks the lower limit. 


Set the upper limit, and press 
ENTER}. 


The interval is shaded, and its 
approximate numerical 
integral is displayed. 


Sf txide=15,. 6534 


. From the Graph screen, press [F5] and select 8:Inflection. 


. As necessary, use © and © to select the applicable function. 


Set the lower bound for x. Either use © and ® to move the cursor 
to the lower bound or type its x value. 


. Press (ENTER]. A> at the top of the screen marks the lower bound. 


Set the upper bound, and 
press [ENTER]. 


The cursor moves to the 
inflection point (if any) within 
the interval, and its 
coordinates are displayed. 


chion 
xeto. 08699 yor 2, 32664 
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Finding the 
Distance between 
Two Points 


Drawing a Tangent 
Line 


Tip: To erase a drawn 
tangent line, press [F4 
(ReGraph). 


Finding an Arc 
Length 


N 


From the Graph screen, press [F5] and select 9:Distance. 


As necessary, use © and © to select the function for the first 
point. 


Set the first point. Either use © or ® to move the cursor to the 
point or type its x value. 


Press [ENTER]. A + marks the point. 


5. Ifthe second point is on a different function, use © and © to 


select the function. 


Set the second point. (If you use the cursor to set the point, a line 
is drawn as you move the cursor.) 


Press [ENTER]. 


The distance between the two 
points is displayed, along with 
the connecting line. 


Distance=10, 9937 


From the Graph screen, press [F5] and select A:Tangent. 


As necessary, use © and © to select the applicable function. 


Set the tangent point. Either 
move the cursor to the point 
or type its x value. 


Press [ENTER]. 


The tangent line is drawn, 
and its equation is 
displayed. 


From the Graph screen, press [F5] and select B:Arc. 
As necessary, use © and © to select the applicable function. 


Set the first point of the arc. Either use © or ® to move the 
cursor or type the x value. 


Press [ENTER]. A + marks the first point. 


Set the second point, and 
press [ENTER]. 


A+marks the second point, 
and the arc length is 


displayed Arc=12,.6632 
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Shading the Area 
between a Function 
and the X Axis 


Note: If you do not press 
© or@, or type an x value 
when setting the lower and 
upper bound, xmin and 
xmax will be used as the 
lower and upper bound, 
respectively. 


Tip: To erase the shaded 
area, press [F4] (ReGraph). 


Shading the Area 
between Two 
Functions within an 
Interval 


Note: If you do not press 
© or@, or type an x value 
when setting the lower and 
upper bound, xmin and 
xmax will be used as the 
lower and upper bound, 
respectively. 


Tip: To erase the shaded 
area, press [F4] (ReGraph). 
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You must have only one function graphed. If you graph two or more 
functions, the Shade tool shades the area between two functions. 


1. 


From the Graph screen, press [F5] and select C:Shade. The screen 
prompts for Above X axis? 

Select one of the following. To shade the function’s area: 

¢ Above the x axis, press [ENTER]. 


¢ Below the x axis, press: 
TI-89: [alpha] [N] 
TI-92 Plus: N 


Set the lower bound for x. Either use © and ® to move the cursor 
to the lower bound or type its x value. 


4. Press [ENTER]. A> at the top of the screen marks the lower bound. 


Set the upper bound, and 
press [ENTER]. 


The bounded area is shaded. 


You must have at least two functions graphed. If you graph only one 
function, the Shade tool shades the area between the function and 
the x axis. 


1. 


5. Press [ENTER]. 


From the Graph screen, press [F5] and select C:Shade. The screen 
prompts for Above? 


As necessary, use © or © to select a function. (Shading will be 
above this function.) 


Press [ENTER]. The cursor moves to the next graphed function, and 
the screen prompts for Below? 


As necessary, use © or © to select another function. (Shading 
will be below this function.) 


Set the lower bound for x. Either use © and ® to move the cursor 
to the lower bound or type its x value. 


Press [ENTER]. A > at the top of the screen marks the lower bound. 


Below 
Set the upper bound, and function 
press [ENTER]. 
The bounded area is shaded. 
\ Above 
function 
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Parametric Graphing 


Preview of Parametric Graphing... eceeeeseeeeeeseeeeeeneeeeeeeeeeeeaeeeeee 128 
Overview of Steps in Graphing Parametric Equations ................ 129 
Differences in Parametric and Function Graphing ............::eeeee 130 


This chapter describes how to graph parametric equations on the 
TI-89 / TI-92 Plus. Before using this chapter, you should be familiar 
with Chapter 6: Basic Function Graphing. 


Parametric equations consist of both an x and y component, each 
expressed as a function of the same independent variable t. 


You can use parametric equations to model projectile motion. The 
position of a moving projectile has a horizontal (x) and vertical 
(y) component expressed as a function of time (t). For example: 


y(t) = vot sin 6 — (g/2)t2 —}--; 


x(t) = Vot cos 0 


The graph shows the path of the projectile over time, assuming 
that only uniform gravity (no drag forces, etc.) is acting on the 
projectile. 
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Preview of Parametric Graphing 


T [2nd] [cos]. : 
TI-92 Plus: Type T (&] (G0S), not T (COS). 
Enter a ° symbol by typing either i 
2nd) [°] or (2nd) [MATH] 2 1. This ensures ai 
number is interpreted as degrees, : 
regardless of the angle mode. 


3. Define the vertical component i ENTER i ENTER 


Steps Display 
1. Display the MODE dialog box. __#([MODE : (MODE 
For Graph mode, select HO) 2 He) 2 
PARAMETRIC. :(ENTER (ENTER 
2. Display and clear the Y= Editor. :@) [= i )LV-] xtl(t)=15t* cos(60°) 
Then define the horizontal :(Fi) 8 (ENTER :(Fi] 8 (ENTER 
component xt1(t) = Vot cos 8. :(ENTER i(ENTER 
Enter values for vg and 0. 15Th én i 5 i 
TI-89: Type T [x] nd) [cos], not 2ni] cos] : GOS 
i(2nd)[°]D) (ENTER) (2nd) [7] (ENTER 


yt1(t) = vot sin 6 — (g/2)t?. i151 :15TE 
Enter values for vo,0, and g. : 2nd) [SiN] 6 0 : SIN) 6 0 
id IOOW dle 
19.8620) 9.820 = 
2 : i 
:T (4) 2 (ENTER :T (4) 2 (ENTER ti CL i=fokbrsinieee ys. 
i i A RAD AUTO FAR 
4. Display the Window Editor. if) winoow '(] [winvow] 
Enter Window variables i0©3© i0©3© 
appropriate for this example. 7.020M/2© 3.020020 
You can press either © or [ENTER] to 2 5© 5© He 5 5@ 
enter a value and move to thenext i0)2010©0 i)}20Q10© 
variable. : 5 '5 
5. Graph the parametric equations i +] [GRAPH] +) [GRAPH] 
to model the path of the ball. : 
6. Select Trace. Then move the i F3 i F3 
cursor along the path to find the: ; i 
*  y value at maximum height. i@ or © }O or © 


tas necessary as necessary 
* tvalue where the ball hits the ; i 
ground. : 
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Overview of Steps in Graphing Parametric Equations 


Graphing MODE “sy 
A Set Graph mode ((MODE rade alpase alrase = 

Parametric to PARAMETRIC. 

Equations Also set Angle mode, 


if necessary. 


Define x and y 


components on 
Y= Editor ((+} [y=]). 7 ' 
wybisiS-t-sint6g? 3 -22 yp 

Select ((F4]) which xbZ= 

Tip: To turn off any stat defined equations to bee 

data plots (Chapter 16), graph. Select the x or y = 

press [F5) 5 or use [F4] to component, or both. xEI Ch = 1Sbecos C6? 9 

deselect them. MAIN RAG AUTO FAR 


Set the display style 
for an equation. 


Tip: This is optional. For You can set either the 
multiple equations, this helps x or y component. 
visually distinguish one from TI-89: (2nd) [F6] 
ener TI-92 Plus: [F6 


F Define the viewing 
Tip: [F2] Zoom also changes window ((z} [winnow)). 
the viewing window. 


Change the graph 
format if necessary. 


FI) 9 
—or— 
TI-89: &) O 
TI-92 Plus: (4 


ESC=CANCEL 


Graph the selected 
equations ([+] [GRAPH]). 


Exploring the Graph From the Graph screen, you can: 


¢ Display the coordinates of any pixel by using the free-moving 
cursor, or of a plotted point by tracing a parametric equation. 


¢ Use the [F2] Zoom toolbar menu to zoom in or out on a portion of 
the graph. 


e Use the [F5] Math toolbar menu to find derivatives, tangents, etc. 
Some menu items are not available for parametric graphs. 
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Differences in Parametric and Function Graphing 


Setting the 
Graph Mode 


Defining Parametric 
Equations on the 
Y= Editor 


Note: When using t, be sure 
implied multiplication is valid 
for your situation. 


Tip: You can use the Define 
command from the Home 
screen (see Appendix A) to 
define functions and 
equations for any graphing 
mode, regardless of the 
current mode. 


Use [MODE] to set Graph = PARAMETRIC before you define equations or 
set Window variables. The Y= Editor and the Window Editor let you 
enter information for the current Graph mode setting only. 


To graph a parametric equation, you must define both its x and y 
components. If you define only one component, the equation cannot 
be graphed. (However, you can use single components to generate 
an automatic table as described in Chapter 13.) 


Enter x and y components 
on separate lines. 


You can define 


cc 
HLL CL o=1 otis (eno xt1(t) through xt99(t) and 
MAIN fig AulTa]_FB yti(t) through yt99(t). 


Be careful when using implied multiplication with t. For example: 


Enter: Instead of: Because: 

t* cos(60) tcos(60) tcos is interpreted as a user-defined 
function called tcos, not as implied 
multiplication. 


In most cases, this refers to a nonexistent 
function. So the TI-89 / TI-92 Plus simply 
returns the function name, not a number. 


The Y= Editor maintains an independent function list for each Graph 
mode setting. For example, suppose: 


¢ In FUNCTION graphing mode, you define a set of y(x) functions. 
You change to PARAMETRIC graphing mode and define a set of x 
and y components. 


e« When you return to FUNCTION graphing mode, your y(x) functions 
are still defined in the Y= Editor. When you return to 
PARAMETRIC graphing mode, your x and y components are still 
defined. 
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Selecting 
Parametric 
Equations 


Selecting the 
Display Style 


Tip: Use the Animate and 
Path styles for interesting 
projectile-motion effects. 


Window Variables 


Note: You can use a 
negative tstep. If so, tmin 


must be greater than tmax. 


To graph a parametric equation, select either its x or y component or 
both. When you enter or edit a component, it is selected 
automatically. 


Selecting x and y components separately can be useful for tables as 
described in Chapter 13. With multiple parametric equations, you can 
select and compare all the x components or all the y components. 


You can set the style for either the x or y component. For example, if 
you set the x component to Dot, the TI-89 / TI-92 Plus automatically 
sets the y component to Dot. 


The Above and Below styles are not available for parametric 
equations and are dimmed on the Y= Editor’s Style toolbar menu. 


The Window Editor maintains an independent set of Window 
variables for each Graph mode setting (just as the Y= Editor 
maintains independent function lists). Parametric graphs use the 
following Window variables. 


Variable Description 


tmin, tmax Smallest and largest t values to evaluate. 


tstep Increment for the t value. Parametric equations are 
evaluated at: 


x(tmin) y(tmin) 
x(tmin+tstep) y(tmin+tstep) 
x(tmin+2(tstep)) y(tmin+2(tstep)) 

... Not to exceed ... ... Not to exceed ... 
x(tmax) y(tmax) 


xmin, xmax, Boundaries of the viewing window. 
ymin, ymax 


xscl, yscl Distance between tick marks on the x and y axes. 


Standard values (set when you select 6:ZoomStd from the [F2] Zoom 
toolbar menu) are: 


tmin = 0. xmin=-10.  ymin=~-10. 

tmax=2n (6.2831853... radians xmax = 10. ymax = 10. 
or 360 degrees) 

tstep =1/24 (.1308996... radians xscl = 1. yscl = 1. 


or 7.5 degrees) 


You may need to change the standard values for the t variables 
(tmin, tmax, tstep) to ensure that enough points are plotted. 
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Exploring a Graph As in function graphing, you can explore a graph by using the 
following tools. 


Tool For Parametric Graphs: 
Free-Moving Works just as it does for function graphs. 
Cursor 
F2} Zoom Works just as it does for function graphs, with the 
following exceptions: 
¢ Only x (xmin, xmax, xscl) and y (ymin, ymax, yscl) 
Window variables are affected. 
¢ The t Window variables (tmin, tmax, tstep) are not 
affected unless you select 6:ZoomStd (which sets 
tmin = 0, tmax = 2z, and tstep = 7/24). 
Tip: During a trace, you can F3] Trace Lets you move the cursor along a graph one tstep at a 
also evaluate x(t) and y(t) by time. 
typing the t value and 
pressing (ENTER). « When you begin a trace, the cursor is on the first 
selected parametric equation at tmin. 
Tip: You can use * QuickCenter applies to all directions. If you move 
QuickCenter at any time the cursor off the screen (top or bottom, left or 
during a trace, even if the right), press [ENTER] to center the viewing window 
cursor is still on the screen. : 
on the cursor location. 
« Automatic panning is not available. If you move the 
cursor off the left or right side of the screen, the 
TI-89 / TI-92 Plus will not automatically pan the 
viewing window. However, you can use 
QuickCenter. 
F5] Math Only 1:Value, 6:Derivatives, 9:Distance, A:Tangent, and 


B:Arc are available for parametric graphs. These tools 
are based on t values. For example: 


e 1:Value displays x and y values for a specified 
t value. 


* 6:Derivatives finds dy/dx, dy/dt, or dx/dt at a point 
defined for a specified t value. 
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Polar Graphing 


Preview of Polar Graphing... eceeceeeseeseeeeeseeceeeeeceeeeeeeeseseeeeeeeeaeaeee 134 
Overview of Steps in Graphing Polat Equations .. 135 
Differences in Polar and Function Graphing... . 136 


This chapter describes how to graph polar equations on the 
TI-89 / TI-92 Plus. Before using this chapter, you should be familiar 
with Chapter 6: Basic Function Graphing. 


Consider a point (x,y) as shown below. In a polar equation, the 
point’s distance (r) from the origin is a function of its angle (6) 
from the positive x axis. Polar equations are expressed as r = f(8). 


To convert between rectangular (x,y) 
and polar coordinates (r,6): 


x =rcos 0 r2 = x24 y2 


x sign(y): 
-_ j a -1— —<— 
y=rsing 8 =-tan y + 2 


Note: To find 6, use the 

TI-89 / TI-92 Plus function angle(x+iy), 
which automatically performs the 
calculation shown above. 


You can view the coordinates of any point in either polar (r,6) or 
rectangular (x,y) form. 
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Preview of Polar Graphing 


Steps Display 
1. Display the MODE dialog box. i MO! at 
For Graph mode, select POLAR. He) leads abst dots] 
For Angle mode, select RADIAN. <©O@QO1 OOOO! i 
i(ENTER i(ENTER 
: Z|” Pretty Print... 
2. Display and clear the Y= Editor. i } LY=. i +} [Y=] 
Then define the polar equation : Fi] 8 (ENTER : F1] 8 (ENTER 
r1(6) = A sin Bo. (ENTER :(ENTER 
Enter 8 and 2.5 for A and B, 8 [2nd sin] 2 . 5 :8 SIN} 2 . 5[6 
respectively. :(+][6]D) (ENTER) + :D) (ENTER i 
: i ipitei=aesincs, SeeD 
: : : MAIN RAG AUTO POL 
3. Select the ZoomStd viewing 6 172) 6 
window, which graphs the : i 
equation. 
¢ The graph shows only five rose 
petals. 


— In the standard viewing window, 
the Window variable @max = 2n. 
The remaining petals have @ 
values greater than 2n. 

¢ The rose does not appear 
symmetrical. : 

— Both the x and y axes range from 
- 10 to 10. However, this range is ? 
spread over a longer distance ‘| 
along the x axis than the y axis. 


4. Display the Window Editor, and_ :{+) [winvow] gnin=g. 
change @max to 4n. © BSber=s isagss69389957 
: = = xM1n= . 
4n will be evaluated to a number 14 (2nd [x] : po aiaee tO 
when you leave the Window Editor. : i Poymin=-1d. 
: : Po ymax=160) 
ysc1l=1 
5. Select ZoomSqr, which regraphs i F2) 5 2 5 


the equation. 


ZoomSaqr increases the range along : 
the x axis so that the graph is shown : 
in correct proportion. i 


6. You can change values for A and 
B as necessary and regraph the 
equation. 
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Overview of Steps in Graphing Polar Equations 


Graphing Polar TIDE 
Equations Set Graph mode ((MODE rage ilpade elpaae ¢ 
to POLAR. Graph, 

Also set Angle mode, 
if necessary. 


Define polar equations 
on Y= Editor ((¢) [y=]). 


Tip: To turn off any stat 


data plots (Chapter 16), Select ((F4)) which 
press [F5] 5 or use [F4] to defined equations to 
deselect them. graph. Picaiaeee incl, Sees 


MAIN RAG AUTO POL 


Set the display style 
for an equation. 


Tip: This is optional. For 


multiple equations, this helps TI-89: (2nd) [Fé] 
visually distinguish one from TI-92 Plus: [Fé 
another. 


. Define the viewing 
Tip: (F2) Zoom also changes window ([z] [Winbow)). 
the viewing window. 


Change the graph 
format,if necessary. Coordinates... 


Graph Order 
Fi] 9 Grid 


Tip: To display r and 0, set —or— Rie 7 
Coordinates = POLAR. Leading Cursor OFF > 
TI-89: [+] [7 Labels... OFF-* 


Enter=SAve ESC=CANCEL 


Graph the selected 
equations ([+] [GRAPH]). 


Exploring the Graph From the Graph screen, you can: 


TI-92 Plus: (4) F 


e Display the coordinates of any pixel by using the free-moving 
cursor, or of a plotted point by tracing a polar equation. 


¢ Use the [F2] Zoom toolbar menu to zoom in or out on a portion of 
the graph. 


¢ Use the [F5] Math toolbar menu to find derivatives, tangents, etc. 
Some menu items are not available for polar graphs. 
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Differences in Polar and Function Graphing 


Setting the 
Graph Mode 


Defining Polar 
Equations on the 
Y= Editor 


Tip: You can use the Define 
command from the Home 
screen (see Appendix A) to 
define functions and 
equations for any graphing 
mode, regardless of the 
current mode. 


Selecting the 
Display Style 


Use [MODE] to set Graph = POLAR before you define equations or set 
Window variables. The Y= Editor and the Window Editor let you 
enter information for the current Graph mode setting only. 


You should also set the Angle mode to the units (RADIAN or DEGREE) 


you want to use for 0. 


ritesseesinds, Ske 
Mal i 


AD AUTO POL 


You can define polar 
equations for r1(@) 
through r99(8). 


The Y= Editor maintains an independent function list for each Graph 


mode setting. For example, suppose: 


¢ In FUNCTION graphing mode, you define a set of y(x) functions. 
You change to POLAR graphing mode and define a set of r(6) 


equations. 


¢ When you return to FUNCTION graphing mode, your y(x) functions 
are still defined in the Y= Editor. When you return to POLAR 
graphing mode, your r(6) equations are still defined. 


The Above and Below styles are not available for polar equations and 
are dimmed on the Y= Editor’s Style toolbar menu. 
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Window Variables The Window Editor maintains an independent set of Window 
variables for each Graph mode setting (just as the Y= Editor 
maintains independent function lists). Polar graphs use the following 
Window variables. 


Variable Description 


Omin, @max Smallest and largest 6 values to evaluate. 


Note: You can use a Ostep Increment for the 6 value. Polar equations are 
negative @step. If so, @min evaluated at: 
must be greater than @max. 


r(O@min) 
r(O@min+Ostep) 
r(@min+2(8step)) 
... Not to exceed ... 
r(@max) 


xmin, xmax, Boundaries of the viewing window. 
ymin, ymax 


xscl, yscl Distance between tick marks on the x and y axes. 


Standard values (set when you select 6:ZoomStd from the [F2] Zoom 
toolbar menu) are: 


@min = 0. xmin = - 10. ymin = - 10. 

O@max=2n (6.2831853... radians = xmax = 10. ymax = 10. 
or 360 degrees) 

Ostep = 7/24 (.1308996... radians xscl = 1. yscl = 1. 


or 7.5 degrees) 


You may need to change the standard values for the 6 variables 
(@min, max, O@step) to ensure that enough points are plotted. 


Setting the Graph To display coordinates as r and 0 values, use: 
Format FI] 9 

a 

TI-89: [¢] LT 

TI-92 Plus: [+] F 


to set Coordinates = POLAR. If Coordinates = RECT, the polar 
equations will be graphed properly, but coordinates will be displayed 
as x and y. 


When you trace a polar equation, the 8 coordinate is shown even if 
Coordinates = RECT. 
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Exploring a Graph 


Tip: During a trace, you can 
also evaluate r(8) by typing 
the @ value and pressing 
ENTER]. 


Tip: You can use 
QuickCenter at any time 
during a trace, even if the 
cursor is still on the screen. 


As in function graphing, you can explore a graph by using the 
following tools. Any displayed coordinates are shown in polar or 
rectangular form as set in the graph format. 


Tool 


Free-Moving 


Cursor 


F2 


F3 


Zoom 


Trace 


Math 


For Polar Graphs: 


Works just as it does for function graphs. 


Works just as it does for function graphs. 


* Only x (xmin, xmax, xscl) and y (ymin, ymax, yscl) 
Window variables are affected. 


¢ The 6 Window variables (@min, 6max, Ostep) are not 
affected unless you select 6:ZoomStd (which sets 
Omin = 0, 8max = 2z, and Ostep = 7/24). 


Lets you move the cursor along a graph one @step at a 
time. 


« When you begin a trace, the cursor is on the first 
selected equation at @min. 


* QuickCenter applies to all directions. If you move 
the cursor off the screen (top or bottom, left or 
right), press [ENTER] to center the viewing window 
on the cursor location. 


« Automatic panning is not available. If you move the 
cursor off the left or right side of the screen, the 
TI-89 / TI-92 Plus will not automatically pan the 
viewing window. However, you can use 
QuickCenter. 


Only 1:Value, 6:Derivatives, 9:Distance, A:Tangent, and 
B:Arc are available for polar graphs. These tools are 
based on 6 values. For example: 


e 1:Value displays an r value (or x and y, depending 
on the graph format) for a specified 6 value. 


* 6:Derivatives finds dy/dx or dr/d@ at a point defined 
for a specified 6 value. 
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Sequence Graphing 


Note: A recursive sequence 
can reference another 
sequence. For example, 
u2(n) = n2 +u1(n- 1). 


Preview of Sequence Graphing 
Overview of Steps in Graphing Sequences...... 141 
Differences in Sequence and Function Graphing .. 
Setting Axes for Time, Web, or Custom Plots.... 
Using Web Plots 
Using Custom Plots 
Using a Sequence to Generate a Table........eccececceeecesetseceeeeeeeseeeeeees 151 


This chapter describes how to graph sequences on the 
TI-89 / TI-92 Plus. Before using this chapter, you should be familiar 
with Chapter 6: Basic Function Graphing. 


Sequences are evaluated only at consecutive integer values. The 
two general types of sequences are: 


¢ Nonrecursive — The nth term in the sequence is a function 
of the independent variable n. 


Each term is independent of any other terms. In the following 
example sequence, you can calculate u(5) directly, without 
first calculating u(1) or any other previous term. 


nis always a series of 

consecutive integers, 
u(n) =2 *n forn=1, 2,3, ... starting at any positive 

integer or zero. 


u(n) =2 *n gives the sequence 2, 4, 6, 8, 10, ... 


Recursive — The nth term is defined in relation to one or 


more previous terms, represented by u(n- 1), u(n- 2), etc. In 
addition to previous terms, a recursive sequence may also be 
defined in relation to n (such as u(n) = u(n- 1) +n). 


In the following example sequence, you cannot calculate u(5) 
without first calculating u(1), u(2), u(3), and u(4). 


The first term is undefined 

since it has no previous term. 
So you must specify an initial 
value to use for the first term. 


u(n) = 2 *u(n-1) forn=1, 2, 3, ... 


Using an initial value of 1: 


u(n) = 2 *u(n-1) gives the sequence 1, 2, 4, 8, 16, ... 


The number of initial values you need to specify depends on 
how deep the recursion goes. For example, if each term is 
defined in relation to the previous two terms, you must specify 
initial values for the first two terms. 
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Preview of Sequence Graphing 


Steps 


1. Display the MODE dialog box. 
For Graph mode, select 
SEQUENCE. 


2. Display and clear the Y= Editor. 
Then define the sequence as 
u1(n) = iPart(.8* u1(n- 1)+1000). 
Use iPart to take the integer part of 


the result. No fractional trees are 
harvested. 


To access iPart(, you can use 

2nd) [MATH], oR type it, or select it 
from the CATALOG. 

3. Define uil as the initial value 
that will be used as the first 
term. 


4. Display the Window Editor. Set 


the n and plot Window variables. i 


nmin=0 and nmax=50 evaluate the 
size of the forest over 50 years. 


5. Set the x and y Window variables 


to appropriate values for this 
example. 


6. Display the Graph screen. 


7. Select Trace. Move the cursor to 
trace year by year. How many 
years (nc) does it take the 


Display 


aan= iPartt. eee 


RAG AUTO 


£40 0 O(ENTER 


ie 
:Oand © 


tas necessary 


number of trees (yc) to stabilize? : 


Trace begins at nc=0. 

nc is the number of years. 

xc = nc since n is plotted on the x 
axis. 

yc = u1(n), the number of trees at 
yearn. 
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10 0 OD) (ENTER 


‘rg 
:Oand © 


tas necessary 


ymi . 
YmMax=6000 . 
yscl=1000, 


eee 


\ By default, sequences use 
the Square display style. 


Overview of Steps in Graphing Sequences 


Hi MOpE 
— Set Graph mode (WHODE) ends 
Sequences to SEQUENCE. 


Also set Angle mode, 
if necessary. 


Come lex Forraat .. 
Vector For nat 
Prokky Print... 


Define sequences and, rectsleoemlediel? [atilserte| anes... 
if needed, initial values “PLOTS ; jae 
on Y= Editor ({+) [y-]). gi Part( ulin i+ io 
wil 
Wee 
- uiZ= 
Tip: To turn off any stat Select ((F4]) which ate 
data plots (Chapter 16), defined sequences to Wd 
press [F5] 5 or use [F4] to graph. Do not select uitnj=iParte, Seulen- erie. 
deselect them. initial values. MAIN BAD AUTO SEQ 
Set the display style 
for a sequence. 
Note: For sequences, the TI-89: (ng) [Fé] 
default style is Square. TI-92 Plus: ( 
nmin=O. 
Tip: [F2) Zoom also changes Define the viewing 
the viewing window. window ((s] [winpow]). 
ymMax=6b000, 
yscl=1000, 
Change the graph GRAF FORMATS 
format if necessary. Coordinates... RECT 
Fi] 9 : ited 
—or— 
TI-89: (+) O 


TI-92 Plus: (4) F 


Graph the selected 


sequences ([*] [GRAPH]). 


Exploring the Graph From the Graph screen, you can: 


¢ Display the coordinates of any pixel by using the free-moving 
cursor, or of a plotted point by tracing a sequence. 


¢ Use the [F2] Zoom toolbar menu to zoom in or out on a portion of 
the graph. 
Tip: You can also evaluate ¢ Use the [F5] Math toolbar menu to evaluate a sequence. Only 


a sequence while tracing. 
Simply enter the n value 


directly from the keyboard. * Plot sequences on Time (the default), Web, or Custom axes. 


1:Value is available for sequences. 
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Differences in Sequence and Function Graphing 


Setting the 
Graph Mode 


Defining Sequences 
on the Y= Editor 


Note: You must use a list to 
enter two or more initial 
values. 


Note: Optionally, for 
sequences only, you can 
select different axes for the 
graph. TIME is the default. 


Tip: You can use the Define 
command from the Home 
screen (see Appendix A) to 
define functions and 
equations for any graphing 
mode, regardless of the 
current mode. 
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Use [MODE] to set Graph = SEQUENCE before you define sequences or 
set Window variables. The Y= Editor and the Window Editor let you 
enter information for the current Graph mode setting only. 


You can define sequences 
u1(n) through u99(n). 


Use ui only for recursive 
sequences, which require 
one or more initial values. 


ultnd=iPart?, seulon-i +10. 
MalM RAD AUTO SEQ 


If a sequence requires more than one initial value, enter them as a list 
enclosed in braces { } and separated by commas. 


~ us=ustr — 17+ udtn - 2) 
uig={1 6} 
uae 
W1d= 
Enter {1,0} even though wiz=41,0% 
{1 0} is shown in the Mal RAD AUTO EG 


sequence list. 
If a sequence requires an initial value but you do not enter one, you 
will get an error when graphing. 


On the Y= Editor, Axes lets you select the axes that are used to 
graph the sequences. For more detailed information, refer to page 146. 


Axes Description 

TIME Plots n on the x axis and u(n) on the y axis. 
WEB Plots u(n-1) on the x axis and u(n) on the y axis. 
CUSTOM Lets you select the x and y axes. 


The Y= Editor maintains an independent function list for each Graph 
mode setting. For example, suppose: 


¢ In FUNCTION graphing mode, you define a set of y(x) functions. 
You change to SEQUENCE graphing mode and define a set of u(n) 
sequences. 


¢ When you return to FUNCTION graphing mode, your y(x) functions 
are still defined in the Y= Editor. When you return to SEQUENCE 
graphing mode, your u(n) sequences are still defined. 
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Selecting 
Sequences 


Note: With TIME and 
CUSTOM axes, all defined 
sequences are evaluated 
even if they are not plotted. 


Selecting the 
Display Style 


Window Variables 


Note: Both nmin and nmax 
must be positive integers, 


although nmin can be zero. 


Note: nmin, nmax, plotstrt 
and plotstep must be 
integers = 1. If you do not 
enter integers, they will be 
rounded to integers. 


With TIME and WEB axes, the TI-89 / TI-92 Plus graphs only the 
selected sequences. If you entered any sequences that require an 


initial value, you must enter the corresponding ui value. 


You can select a sequence. —— iE 
+ W1Ll= 
uz= 
You cannot select its | ulz= 
initial value. Ws= 
wis= 
udq= 


MAIN RAD AUTO 


ultn=iPart?, seul on-i)+10., 


SEG 


With CUSTOM axes, when you specify a sequence in the custom 


settings, it is graphed regardless of whether it is selected. 


Only the Line, Dot, Square, and Thick styles are available for sequence 
graphs. Dot and Square mark only those discrete integer values (in 


plotstep increments) at which a sequence is plotted. 


The Window Editor maintains an independent set of Window 
variables for each Graph mode setting (just as the Y= Editor 
maintains independent function lists). Sequence graphs use the 


following Window variables. 


Variable Description 

nmin, nmax Smallest and largest n values to evaluate. Sequences 
are evaluated at: 
u(nmin) 
u(nmin+1) 
u(nmin+2) 
... Not to exceed ... 
u(nmax) 

plotStrt The term number that will be the first one plotted 
(depending on plotstep). For example, to begin plotting 
with the 2nd term in the sequence, set plotstrt = 2. The 
first term will be evaluated at nmin but not plotted. 

plotStep Incremental n value for graphing only. This does not 
affect how the sequence is evaluated, only which points 
are plotted. For example, suppose plotstep = 2. The 
sequence is evaluated at each consecutive integer but 
is plotted at only every other integer. 

xmin, xmax, Boundaries of the viewing window. 

ymin, ymax 

xscl, yscl Distance between tick marks on the x and y axes. 


Chapter 9: Sequence Graphing 


143 


Window Variables 
(Continued) 


Note: Both of these graphs 
use the same Window 
variables, except for plotstrt. 


Changing the Graph 
Format 


Standard values (set when you select 6:ZoomStd from the [F2] Zoom 
toolbar menu) are: 


nmin = 1. xmin = ~ 10. ymin = - 10. 
nmax = 10. xmax = 10. ymax = 10. 
plotStrt = 1. xscl = 1. yscl = 1. 
plotStep = 1. 


You may need to change the standard values for the n and plot 
variables to ensure that sufficient points are plotted. 


To see how plotstrt affects a graph, look at the following examples of 
a recursive sequence. 


This graph is plotted beginning 
with the 1st term. 


\ plotStrt=1 


This graph is plotted beginning > 


with the 9th term. 


ae plotStrt=9 


With TIME axes (from Axes on the Y= Editor), you can set plotstrt = 1 
and still graph only a selected part of the sequence. Simply define a 
viewing window that shows only the area of the coordinate plane 
you want to view. 


You could set: 
¢ xmin = first n value to graph 


*  xmax = nmax (although you 
can use other values) 


Ns plotStrt=1 nmax 
* ymin and ymax = expected 
values for the sequence 


The Graph Order format is not available. 


¢ With TIME or CUSTOM axes, multiple sequences are always 
plotted simultaneously. 


¢ With WEB axes, multiple sequences are always plotted 
sequentially. 
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Exploring a Graph 


Tip: During a trace, you can 
evaluate a sequence by 
typing a value for n and 
pressing [ENTER]. 


Tip: You can use 
QuickCenter at any time 
during a trace, even if the 
cursor is still on the screen. 


As in function graphing, you can explore a graph by using the 
following tools. Any displayed coordinates are shown in rectangular 
or polar form as set in the graph format. 


Tool 


Free-Moving 


Cursor 


F2 


F3 


Zoom 


Trace 


Math 


For Sequence Graphs: 


Works just as it does for function graphs. 


Works just as it does for function graphs. 


Only x (xmin, xmax, xscl) and y (ymin, ymax, yscl) 
Window variables are affected. 


The n and plot Window variables (nmin, nmax, 
plotStrt, plotStep) are not affected unless you select 
6:ZoomStd (which sets all Window variables to 
their standard values). 


Depending on whether you use TIME, CUSTOM, or 
WEB axes, Trace operates very differently. 


With TIME or CUSTOM axes, you move the cursor 
along the sequence one plotstep at a time. To move 
approximately ten plotted points at a time, press 


[2nd] ® or [2nd] ©. 


— When you begin a trace, the cursor is on the 
first selected sequence at the term number 
specified by plotstrt, even if it is outside the 
viewing window. 


— QuickCenter applies to all directions. If you 
move the cursor off the screen (top or bottom, 
left or right), press to center the viewing 
window on the cursor location. 


With WEB axes, the trace cursor follows the web, 
not the sequence. Refer to page 147. 


Only 1:Value is available for sequence graphs. 


With TIME and WEB axes, the u(n) value 
(represented by yc) is displayed for a specified 
n value. 


With CUSTOM axes, the values that correspond to 
x and y depend on the axes you choose. 
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Setting Axes for Time, Web, or Custom Plots 


Displaying the From the Y= Editor, Axes: 
AXES Dialog Box : 
Aas « Depending on the current Axes 
Ares: TIME + . a 
Build Web: TRACE + setting, some items may be 
Hai on Z 
asi ue dimmed. 
SEEREEEME > ESET ¢ To exit without making any 


changes, press [ESC]. 


Item Description 
Axes TIME — Plots u(n) on the y axis and n on the x axis. 


WEB — Plots u(n) on the y axis and u(n-1) on the 
X axis. 


CUSTOM — Lets you select the x and y axes. 


Build Web Active only when Axes = WEB, this specifies whether a 
web is drawn manually (TRACE) or automatically 
(AUTO). 


Refer to page 147 for more information. 


X Axis and Active only when Axes = CUSTOM, these let you select 
Y Axis the value or sequence to plot on the x and y axes. 


Refer to page 150 for more information. 


To change any of these settings, use the same procedure that you use 
to change other types of dialog boxes, such as the MODE dialog box. 


146 Chapter 9: Sequence Graphing 


Using Web Plots 


Valid Functions for 
Web Plots 


When You Display 
the Graph Screen 


Drawing the Web 


Note: The web starts at 
plotstrt. The value of n is 
incremented by 1 each time 
the web moves to the 
sequence (plotStep is 
ignored). 


A sequence must meet the following criteria; otherwise, it will not be 
graphed properly on WEB axes. The sequence: 


¢ Must be recursive with only one recursion level; 
u(n- 1) but not u(n- 2). 


* Cannot reference n directly. 


* Cannot reference any other defined sequence except itself. 


After you select WEB axes and display the Graph screen, the 
TI-89 / TI-92 Plus: 


¢« Draws a y=x reference line. 


¢ Plots the selected sequence definitions as functions, with u(n- 1) 
as the independent variable. This effectively converts a recursive 
sequence into a nonrecursive form for graphing. 


For example, consider the sequence u1(n) =. /5-ul(n-1) and an 
initial value of ui1=1. The TI-89 / TI-92 Plus draws the y=x reference 
line and then plots y =. /5- x. 


After the sequence is plotted, the web may be displayed manually or 
automatically, depending on how you set Build Web on the AXES 
dialog box. 


If Build Web= ~The webis: 

TRACE Not drawn until you press [F3]. The web is then 
drawn step-by-step as you move the trace cursor 
(you must have an initial value before using Trace). 
Note: With WEB axes, you cannot trace along the 
sequence itself as you do in other graphing modes. 

AUTO Drawn automatically. You can then press [F3] to 
trace the web and display its coordinates. 

The web: 


1. Starts on the x axis at the initial value ui (when plotstrt = 1). 
2. Moves vertically (either up or down) to the sequence. 

3. Moves horizontally to the y=x reference line. 
4 


. Repeats this vertical and horizontal movement until n=nmax. 


Chapter 9: Sequence Graphing 147 


Example: 
Convergence 


Tip: During a trace, you can 
move the cursor to a 
specified n value by typing 
the value and pressing 
ENTER]. 


Tip: When the nc value 
changes, the cursor is on 
the sequence. The next time 
you press ®, nc stays the 
same but the cursor is now 
on the y=x reference line. 


Example: 
Divergence 
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1. On the Y= Editor (([*] [Y=]), define u1(n) = -.8u1(n- 1) + 3.6. Set 


initial value ui1 = - 4. 
2. Set Axes = TIME. 


3. On the Window Editor 
((+] [window] ), set the Window 
variables. 


4. Graph the sequence 
([+] [GRAPH]). 


By default, a sequence uses 
the Square display style. 


nmin=1. xmin=0. ymin=~ 10. 
nmax=25. xmax=25. ymax=10. 
plotstrt=1. xscl=1. yscl=1. 
plotstep=1. 
u(n) 
; Re or er Ce 
# n 


5. On the Y= Editor, set Axes = WEB and Build Web = AUTO. 


6. On the Window Editor, change "Min=1. 


the Window variables. 


7. Regraph the sequence. 


Web plots are always shown 
as lines, regardless of the 
selected display style. 


xmin=~ 10. ymin=~ 10. 


nmax=25. xmax=10. ymax=10. 
plotStrt=1. — xscl=1. yscl=1. 
plotStep=1. 
u(n) 
y=~.8x + 3.6 
u(n-1) 
y=x 


8. Press [F3]. As you press @), the trace cursor follows the web. The 
screen displays the cursor coordinates nc, xc, and yc (where xc 
and yc represent u(n- 1) and u(n), respectively). 


As you trace to larger values of nc, you can see xc and yc approach 


the convergence point. 


1. On the Y= Editor ([*][Y=]), define u1(n) = 3.2u1(n- 1) -.8(u1(n- 1))2. 


Set initial value uil = 4.45. 
2. Set Axes = TIME. 


3. On the Window Editor 
((+] [window] ), set the 
Window variables. 


4. Graph the sequence 
((+) [GRAPH] ). 


Because the sequence 
quickly diverges to large 
negative values, only a few 
points are plotted. 


Chapter 9: Sequence Graphing 


nmin=0. xmin=0. ymin=~ 75. 
nmax=10. xmax=10. ymax=10. 
plotStrt=1. — xscl=1. yscl=1. 
plotStep=1. 
u(n) Ly 
. n 


Example: 
Oscillation 


Note: Compare this graph 
with the divergence 
example. This is the same 
sequence with a different 
initial value. 


Note: The web moves to an 
orbit oscillating between two 
stable points. 


Note: By starting the web 
plot at a later term, the 
stable oscillation orbit is 
shown more clearly. 


5. 
6. 


On the Y= Editor, set Axes = WEB and Build Web = AUTO. 


On the Window Editor, change "™in=-0. xmin=~ 10. ymin=~ 10. 


4 7 nmax=10. xmax=10. ymax=10. 

the Window variables. plotStrt=1._ xscl=1._—yscl=1. 
plotStep=1. 

Regraph the sequence. u(n) 
The web plot shows how u(n-1) 
quickly the sequence 
diverges to large negative yer 
values. y=3.2x-.8x2 


This example shows how the initial value can affect a sequence. 


1. 


On the Y= Editor ((+] [y=] ), use the same sequence defined in the 
divergence example: u1(n) = 3.2u1(n- 1) -.8(u1(n- 1))?. Set initial 
value uil = 0.5. 


Set Axes = TIME. 


On the Window Editor aa ea ad on 
nmax= a xmax= e ymax=o. 

(CJ [window] ), set the plotStrt=1.  xscl=10. yscl=1. 

Window variables. plotStep=1. 

Graph the sequence u(n) 

((+] [GRAPH]). 


EL 


ee 


n 


On the Y= Editor, set Axes = WEB and Build Web = AUTO. 


On the Window Editor, change "™in=1. xmin=" 2.68 ymin=~ 4.7 


é 3 nmax=100. xmax=6.47  ymax=4.7 
the Window variables. plotStrt=1.  xscl=1. yscl=1. 
plotStep=1. 
Regraph the sequence. u(n) 
u(n-1) 
y=x 
y=3.2x-.8x2 


Press [F3]. Then use @ to trace the web. 


As you trace to larger values of nc, notice that xc and yc oscillate 
between 2.05218 and 3.19782. 


On the Window Editor, set 
plotstrt=50. Then regraph the 
sequence. 
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Using Custom Plots 


Example: Predator- Using the predator-prey model in biology, determine the numbers of 
Prey Model rabbits and foxes that maintain population equilibrium in a certain 

region. 

R = Number of rabbits 

M = Growth rate of rabbits if there are no foxes (use .05) 

K = Rate at which foxes can kill rabbits (use .001) 

W = Number of foxes 

G = Growth rate of foxes if there are rabbits (use .0002) 

D = Death rate of foxes if there are no rabbits (use .03) 

Ry = Rat (1+M-K Wy) 

W, = Was (1+ G Ry - D) 


1. On the Y= Editor ([+] [Y=] ), define the sequences and initial values 


for R, and W,,. 
Note: Assume there are ui(n) = ul(n- 1) *(1 + .05 -.001 * u2(n- 1)) 
initially 200 rabbits and uil = 200 
50 foxes. 
u2(n) = u2(n- 1) * (1 + .0002 * u1(n- 1) -.03) 
ui2 = 50 
2. Set Axes = TIME. 
i i nmin=0. xmin=0. ymin=0. 
Se Om the Watlow Eater . nmax=400. xmax=400. ymax=300. 
((e] WINDOW] ), set the Window plotStrt=1.. xscl=100.  yscl=100. 
variables. plotStep=1. 
Note: Use [F3] to individually 4. Graph the sequence u(n) 
trace the number of rabbits +] GRAPH] ). 
u1(n) and foxes u2(n) over Gil I) ut(n) —~ 
time (n). 
u2(n) —~ n 
5. On the Y= Editor, set Axes = CUSTOM, X Axis = u1, and Y Axis = u2. 
i i nmin=0. xmin=84. —-ymin=25. 
leo whe Window. Bator, chance nmax=400. xmax=237. ymax=75. 
the Window variables. plotStrt=1. — xscl=50. yscl=10. 
plotStep=1. 
Note: Use [F3] to trace both 7. Regraph the sequence. u2(n) 
the number of rabbits (xc) 
and foxes (yc) over the 
cycle of 400 generations. 
u1(n) 
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Using a Sequence to Generate a Table 


Example: Fibonacci 
Sequence 


1. 


On the Y= Editor 

((+) [Y=] ), define the 
sequence and set the 
initial values as shown. 


Set table parameters 


((e] [Thlset] ) to: 
tblStart = 1 
Atbl = 1 


Independent = AUTO 


Set Window variables 
((¢] [Window] ) so that 
nmin has the same 
value as tblStart. 


Display the table 
((+) [TABLE] ). 


Scroll down the table 
(© or [2nd] ©) to see 


more of the sequence. 


In a Fibonacci sequence, the first two terms are 1 and 1. Each 
succeeding term is the sum of the two immediately preceding terms. 


Fix |_Fe- (F= (FY [F&~] For] Fe 
Teo ls|2oural Edit) ATTpSte Ie|Axes.. | 


“PLOTS 


uZ= 


~ ul=ulern = 19+ ultn - 2) 
ee Ts 


1 
BA AUTO SER 


L_ You must enter {1,1}, although {1 1} 
is shown in the sequence list. 


TABLE SETUP 


thistart: 
eathT: 


Inderendent: 


Enter =SAVE 


Grarh 4-2 Table: OFF > 


AUTO + 


ESCECAMCEL 


-___ This item is dimmed if you are not 


using TIME axes. 


mri ne 
nmax=to, 
plotSotrt=1. 
plotaten=1. 
xmin=~-10, 
xmax=1o. 
xscl=1, 
ymin=-10, 
ymax=16. 
yscol=1. 
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-___ Fibonacci sequence 
is in column 2. 
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3D Graphing 


Tip: To view the graph 
along the x, y, or z axis, you 
can press X, Y, orZ, 
respectively. 


Tip: To switch from one 
format style to the next 
(skipping IMPLICIT PLOT), 
press: 


TI-89: (alpha) [F] 
TI-92 Plus: F. 


This retains the current view 
(either expanded or normal). 


Note: To switch to IMPLICIT 
PLOT (via the GRAPH 


FORMATS dialog box), 
press: 

Tr89:(*) 

TI-92 Plus: [#] F. 


Preview of 3D Graphing 
Overview of Steps in Graphing 3D Equations. 
Differences in 3D and Function Graphing.... 
Moving the Cursor in 3D 
Rotating and/or Elevating the Viewing Angle.. 
Animating a 3D Graph Interactively 
Changing the Axes and Style Formats... 
Contour Plots 
Example: Contours of a Complex Modulus Surface 
Implicit Plots 
Example: Implicit Plot of a More Complicated Equation................. 173 


This chapter describes how to graph 3D equations on the 
TI-89 / TI-92 Plus. Before using this 

chapter, you should be familiar 

with Chapter 6: Basic Function 

Graphing. 


Ina 3D graph of an equation for 
z(x,y), a point’s location is defined 
as shown here. 


The expanded view feature lets 


you examine any 3D graph in more detail. For example: 


Normal view Expanded view 


Fir | Few] Fe F4 Few] Fes [Froiit Fir | Few] FE F4 FE+) Far /F; 
[roots 2oam| Teac | AeGrarh| Math [braves [roots 2oam| Trace ReGra rh] Mabh [ora var: 


To switch between normal and expanded views, 
press [x] (multiplication key, not the letter X). 


When you display a 3D graph, the expanded view is used 
automatically if: 


« You set or change the graph format style to CONTOUR LEVELS 
or IMPLICIT PLOT. 


¢ The previous graph used the expanded view. 


If you press a cursor key to animate the graph, the screen 
switches to the normal view automatically. You cannot animate a 
graph in the expanded view. 


Chapter 10: 3D Graphing 153 


Preview of 3D Graphing 


Steps 


Display 


1. Display the MODE dialog box. 
For Graph mode, select 3D. 


2. Display and clear the Y= Editor. 
Then define the 3D equation 
21(x,y) = (x3 y —y3 x) / 390. 


Notice that implied multiplication is 
used in the keystrokes. 


2] 22> 
]z1¢x, WIStx yeu de SS 
: [Har RAD AUTO 20 


3. Change the graph format to iGO EL 
display and label the axes. Also HOXOY- fee coc WHEE 
set Style = WIRE FRAME. 1©02 ae 
You can animate any graph format ool 


Enter=SAve ESC=CANCEL 


style, but WIRE FRAME is fastest. {ENTER 


4. Select the ZoomSid viewing i F2] 6 i F2] 6 
cube, which automatically : : 
graphs the equation. : 

As the equation is evaluated (before it? 
is graphed), “evaluation percentages” ? 


are shown in the upper-left part of the ? 
screen. i 


Wohed If you have raid fi 38D Oikx x 
graphing, the graph may be shown in : i 

expanded view. When you animate i(press x} to i(press x] to 
the graph, the screen returns to :Switch :Switch 
normal view automatically. (Except foripetween Ebetween 
animation, you can do the same i : 
things in normal and expanded view.) expanded and :expanded and 


inormal view) inormal view) 


RAG AUTO 


5. Animate the graph by decreasing HOXo) (AS) iO OOO 
the eyeo Window variable value. ;DOO © iOOOO 


© or © may affect eye® and eyey, buti 
to a lesser extent than eyed. i 


To animate the graph continuously, 
press and hold the cursor for about 1 : i i 
second and then release it. To stop, ! : [MAIN RAD AUTO 30 
press [ENTER]. : ; i 
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6. Return the graph to its initial 


Steps 


orientation. Then move the 


orbit” around the graph. 


For information about the viewing 
orbit, refer to page 164. 


7. View the graph along the x axis, 
the y axis, and then the z axis. 


This graph has the same shape ang 


the y axis and x axis. 


8. Return to the initial orientation. 


9. Display the graph in different 


graph format styles. 


iY 

i(press(I] to i (press F to 
iswitch from —_iswitch from 
teach style to eachstyle to th 


ithe next) inext) 


HIDDEN SURFACE 


CONTOUR LEVELS a / & 


: (may require extra time 


to calculate contours) 


! WIRE AND CONTOUR 


‘etter O) 
© OO 


0 (zero, not the 0 (zero, not the 
letter O) 
viewing angle along the “viewing :O@@ 


Display 


Note: You can also display the graph as an implicit plot by using the GRAPH FORMATS dialog 


box ([F1 


styles, the implicit plot is not displayed. 


9 or TI-89: 


4 


1) TI-92 Plus: 


F). If you press TI-89: 


TI-92 Plus: F to switch between 
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Overview of Steps in Graphing 3D Equations 


i oO 
srapHing aa rade TEs 
Equations Set Graph mode ((MODE eth leo sleet] : 


to 3D. 
Also set Angle mode, 
if necessary. 


Define 3D equations on 
Y= Editor ((+) [y=]). 


Tip: To turn off any stat 
data plots (Chapter 16), 
press [F5] 5 or use [F4] to 
deselect them. 


Select ((F4]) which 
equation to graph. You 
can select only one 3D 
equation. 


| 
Zltx,ywiete dy ue 
MalM RAD AUTO 2D 


Note: For 3D graphs, the 
viewing window is called Define the viewing cube 
the viewing cube. [F2] Zoom (>) [winvow]). 

also changes the viewing 
cube. 


Change the graph f GRAFH FORMATS 5 


format, if necessary. aan 
Tip: To help you see the Fi] 9 Retin RHEE? 
orientation of 3D graphs, Labet ON+ 
turn on Axes and Labels. On stele WIRE FRAME + 
TI-89: () 0 


Enter=SAve ESCSCANCEL 


TI-92 Plus: (¢] F 


Note: Before displaying the 
graph, the screen shows 
the “percent evaluated.” 


Graph the selected 
equation ([+] [GRAPH]). 


Exploring the Graph From the Graph screen, you can: 


¢ Trace the equation. 


¢ Use the [F2] Zoom toolbar menu to zoom in or out on a portion of 
the graph. Some of the menu items are dimmed because they are 
not available for 3D graphs. 


Tip: You can also evaluate e Use the [F5] Math toolbar menu to evaluate the equation at a 
2(x,y) while tracing. Type specified point. Only 1:Value is available for 3D graphs. 

the x value and press 
ENTER]; then type the y value 
and press [ENTER]. 
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Differences in 3D and Function Graphing 


Setting the 
Graph Mode 


Defining 3D 
Equations on the 
Y= Editor 


Tip: You can use the Define 
command from the Home 
screen (see Appendix A) to 
define functions and 
equations for any graphing 
mode, regardless of the 
current mode. 


Selecting the 
Display Style 


Use [MODE] to set Graph = 3D before you define equations or set 
Window variables. The Y= Editor and the Window Editor let you 
enter information for the current Graph mode setting only. 


You can define 3D 
equations for z1(x,y) 
through z99(x,y). 


RAD AUTO ET] 


The Y= Editor maintains an independent function list for each Graph 
mode setting. For example, suppose: 


¢« In FUNCTION graphing mode, you define a set of y(x) functions. 
You change to 3D graphing mode and define a set of z(x,y) 
equations. 


¢ When you return to FUNCTION graphing mode, your y(x) functions 
are still defined in the Y= Editor. When you return to 3D graphing 
mode, your z(x,y) equations are still defined. 


Because you can graph only one 3D equation at a time, display styles 
are not available. On the Y= Editor, Style toolbar menu is dimmed. 


For 3D equations, however, you can use: 


FI 9 

—or— 

TI-89: [+] LI 
TI-92 Plus: [¢] F 


to set the Style format to WIRE FRAME or HIDDEN SURFACE. Refer 
to “Changing the Axes and Style Formats” on page 165. 
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Window Variables 


Note: If you enter a 
fractional number for xgrid 
or ygrid, it is rounded to the 
nearest whole number = 1. 


Note: The 3D mode does 
not have scl Window 
variables, so you cannot set 
tick marks on the axes. 


Note: Increasing the grid 
variables decreases the 
graphing speed. 


The Window Editor maintains an independent set of Window 
variables for each Graph mode setting (just as the Y= Editor 
maintains independent function lists). 3D graphs use the following 
Window variables. 


Variable Description 

eyed, eyed, Angles (always in degrees) used to view the graph. 

eyey Refer to “Rotating and/or Elevating the Viewing Angle” 
on page 162. 

xmin, xmax, Boundaries of the viewing cube. 

ymin, ymax, 

zmin, zmax 


xgrid, ygrid The distance between xmin and xmax and between ymin 
and ymax is divided into the specified number of grids. 
The z(x,y) equation is evaluated at each grid point 
where the grid lines (or grid wires) intersect. 


The incremental value along x and y is calculated as: 
xmax - xmin ymax - ymin 


x increment = ———_——____ y increment = : 
ygrid 


xgrid 
The number of grid wires is xgrid + 1 and ygrid + 1. For 
example, when xgrid = 14 and ygrid = 14, the xy grid 
consists of 225 (15 x 15) grid points. 


z(xmin,ymin) WW z(xmin,ymax) 


z(xmax,ymin) z(xmax,ymax) 


ncontour The number of contours evenly distributed along the 
displayed range of z values. Refer to page 168. 


Standard values (set when you select 6:ZoomStd from the [F2] Zoom 
toolbar menu) are: 


eyed = 20. xmin = ~ 10. ymin = - 10. zmin = ~ 10. 
eyed = 70. xmax = 10. ymax = 10. zmax = 10. 
eyey = 0. xgrid = 14. ygrid = 14. ncontour = 5. 


You may need to increase the standard values for the grid variables 
(xgrid, ygrid) to ensure that enough points are plotted. 
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Setting the Graph 
Format 


Exploring a Graph 


Tip: Refer to “Moving the 
Cursor in 3D” on page 160. 


Tip: During a trace, you can 
also evaluate z(x,y). Type 
the x value and press 


ENTER 


and press [ENTER]. 


; then type the y value 


The Axes and Style formats are specific to the 3D graphing mode. 
Refer to “Changing the Axes and Style Formats” on page 165. 


As in function graphing, you can explore a graph by using the 
following tools. Any displayed coordinates are shown in rectangular 
or cylindrical form as set in the graph format. In 3D graphing, 
cylindrical coordinates are shown when you use use: 

FIJ9 


—or— 
TI-89: [¢)L 
TI-92 Plus: [¢] F 


to set Coordinates = POLAR: 


Tool For 3D Graphs: 


Free-Moving The free-moving cursor is not available. 
Cursor 


F2}] Zoom Works essentially the same as it does for function 
graphs, but remember that you are now using three 
dimensions instead of two. 


¢ Only the following zooms are available: 


2:Zoomin 5:ZoomSaqr A:ZoomFit 
3:ZoomOut 6:ZoomStd B:Memory 
C:SetFactors 


¢ Only x (xmin, xmax), y (ymin, ymax), and z (zmin, 
zmax) Window variables are affected. 


¢ The grid (xgrid, ygrid) and eye (eyed, eyed, eyey) 
Window variables are not affected unless you 
select 6:ZoomStd (which resets these variables to 
their standard values). 


F3] Trace Lets you move the cursor along a grid wire from one 
grid point to the next on the 3D surface. 


¢« When you begin a trace, the cursor appears at the 
midpoint of the xy grid. 


* QuickCenter is available. At any time during a trace, 
regardless of the cursor’s location, you can press 
ENTER] to center the viewing cube on the cursor. 


¢ Cursor movement is restricted in the x and y 
directions. You cannot move the cursor beyond the 
viewing cube boundaries set by xmin, xmax, ymin, 
and ymax. 


F5] Math Only 1:Value is available for 3D graphs. This tool 
displays the z value for a specified x and y value. 


After selecting 1:Value, type the x value and press 
ENTER]. Then type the y value and press [ENTER]. 
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Moving the Cursor in 3D 


How to Move the 
Cursor 


Note: You can move the 
cursor only within the x and y 
boundaries set by Window 
variables xmin, xmax, ymin, 
and ymax. 


Tip: To show the axes and 
their labels from the 

Y= Editor, Window Editor, or 
Graph screen, use: 

TI-89:(¢) U1 
TI-92 Plus: [+] F 


Simple Example of 
Moving the Cursor 


Tip: By displaying and 
labeling the axes, you can 
more easily see the pattern 
in the cursor movement. 


Tip: To move grid points 
closer together, you can 
increase Window variables 
xgrid and ygrid. 


160 


On a3D surface, the cursor always follows along a grid wire. 


Cursor Key Moves the cursor to the next grid point in the: 
0) Positive x direction 
© Negative x direction 
© Positive y direction 
© Negative y direction 


Although the rules are straightforward, the actual cursor movement 
can be confusing unless you know the orientation of the axes. 


In 2D graphing, the x and y axes 7 
always have the same orientation 
relative to the Graph screen. 


In 3D graphing, x and y have a 7 
different orientation relative to the +e Y 
Graph screen. Also, you can rotate 
pies eye@=20 
and/or elevate the viewing angle. eyed=70 
eyew=0 


The following graph shows a sloped plane that has the equation 
z1(x,y) = ~ (x + y) /2. Suppose you want to trace around the displayed 
boundary. 


When you press [F3], the trace cursor appears at 
the midpoint of the xy grid. Use the cursor pad to 
move the cursor to any edge. 


® moves ina 
positive x direction, © moves ina 
up to xmax. a negative y direction, 
back to ymin. 


© moves ina 
positive y direction, 
up to ymax. 


@ moves in a negative 
x direction, back to 
xmin. 


When the trace cursor is on an interior point in the displayed plane, 
the cursor moves from one grid point to the next along one of the 
grid wires. You cannot move diagonally across the grid. 


Notice that the grid wires may not appear parallel to the axes. 
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Example of the 
Cursor on a Hidden 
Surface 


Tip: To cut away the front of 
the saddle in this example, 
set xmax=0 to show only 
negative x values. 


Example of an “Off 
the Curve” Cursor 


Tip: QuickCenter lets you 
center the viewing cube on 
the cursor’s location. Simply 
press (ENTER). 


On more complex shapes, the cursor may appear as if it is not ona 
grid point. This is an optical illusion caused when the cursor is on a 
hidden surface. 


For example, consider a saddle shape z1(x,y) = (x2 -y2)/3. The 
following graph shows the view looking down the y axis. 


2, 0408 


zor2, WAG? . zor. 
mer-2.5r14 | yuct-l.42957 0 xci 2. 85r14 \ yor-1.42857 


You can move the cursor so that it If you cut away the front side, you 
does not appear to be on a grid can see the cursor is actually ona 
point. grid point on the hidden back side. 


Although the cursor can move only along a grid wire, you will see 
many cases where the cursor does not appear to be on the 3D 
surface at all. This occurs when the z axis is too short to show z(x,y) 
for the corresponding x and y values. 


For example, suppose you trace the paraboloid z(x,y) = x2 + .5y2 
graphed with the indicated Window variables. You can easily move 
the cursor to a position such as: 


Trace cursor =45. 
—_= Sued 
‘ f =sMIn= "oe 
Valid trace mie 
coordinates Aes. 
ie ees 
zorz7. Sol gorid=i4, 
seid, 2BoF1 yor -4, 2BSF 1 ZIT s 


Although the cursor is actually tracing the paraboloid, it appears off 
the curve because the trace coordinates: 


* xc and yc are within the viewing cube. 
— but — 
* zc is outside the viewing cube. 


When zc is outside the z boundary of the viewing cube, the cursor is 
physically displayed at zmin or zmax (although the screen shows the 
correct trace coordinates). 
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Rotating and/or Elevating the Viewing Angle 


How the Viewing 
Angle Is Measured 


Note: When eyew=0, the 
Z axis is vertical on the 
screen. When eyew=90, 
the z axis is rotated 90° 
counterclockwise and is 
horizontal. 


Effect of Changing 
eyed 


Note: This example 
increments eye® by 30. 


The viewing angle has three components: 


* eyeé — angle in degrees from the 
positive x axis. 


* eyed — angle in degrees from the 
positive z axis. 


* eyey— angle in degrees by which the 
graph is rotated counterclockwise 
around the line of sight set by eyed 
and eyed. 


In the Window Editor ({+] [WINDOW] ), 
always enter eye@, eyed, and eyey in 
degrees, regardless of the current angle 


i 10) 

mode. zmax=16 
Do not enter a ° symbol. For example, 
type 20, 70, and 0, not 20°, 70°, and 0°. 


The view on the Graph screen is always oriented along the viewing 
angle. From this point of view, you can change eyeé to rotate the 
viewing angle around the z axis. 


Z1(x,y) = (xy - y$x) / 390 


In this example, eyeo = 70 


“a 
- 


eyed = 20 


eyed = 50 


v 
4 v 
v 


eyed = 80 
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Effect of Changing 
eyed 


Note: This example starts 
on the xy plane (eyed = 90) 
and decrements eyed by 20 
to elevate the viewing angle. 


Effect of Changing 
eyey 


Note: During rotation, the 
axes expand or contract to 
fit the screen's width and 
height. This causes some 
distortion as shown in the 
example. 


z=10 
When eyew=0, 
the z axis runs 
the height of the 
screen. z=-10 


When eyew=90, the z axis 
runs the width of the screen. 


Ss Lid 
z=10 z=710 
As the z axis rotates 90°, its 
range (~ 10 to 10 in this 
example) expands to almost 
twice its original length. 
Likewise, the x and y axes 
expand or contract. 


From the Home 
Screen or a Program 


By changing eyed, you can elevate your viewing angle above the xy 
plane. If 90 < eyed < 270, the viewing angle is below the xy plane. 


Z1(x,y) = (x?y - y3x) / 390 


In this example, eyed = 20 


eyed = 90 


The view on the Graph screen is always oriented along the viewing 
angles set by eye® and eye. You can change eyey to rotate the graph 
around that line of sight. 


2Z1(x,y)=(x°y- yx) / 390 


In this example, 
eyed=20 and eyeo=70 


The eye values are stored in the system variables eye6, eyed, and 
eyew. You can access or store to these variables as necessary. 


TI-89: To type 6 or y, press 


You can also press 


2nd 


TI-92 Plus: To type 


[CHAR 


2 


alpha] [F] or [¢](] WJ, respectively. 


and use the Greek menu. 


or y, press [2nd] G F or [2nd] G Y respectively. 


You can also press 


2nd 


[CHAR 


and use the Greek menu. 
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Animating a 3D Graph Interactively 


The Viewing Orbit 


Note: The viewing orbit 
affects the eye Window 
variables in differing 
amounts. 


Animating the 
Graph 


Note: If the graph is shown 
in expanded view, it returns 
to normal view automatically 
when you press a cursor 
key. 


Tip: After animating the 
graph, you can stop and 
then re-start the animation 
in the same direction by 
pressing: 

TI-89: [ENTER] or (alpha) [.] 
TI-92 Plus: [ENTER] or space 
bar 


Tip: During an animation, 
you can switch to the next 
graph format style by 
pressing: 

TI-89: (1 
TI-92 Plus: F 


Tip: To see a graphic that 
shows the eye angles, refer 
to page 162. 


Animating a Series 
of Graph Pictures 


164 


When using © and ® to animate a graph, think of it as moving the 
viewing angle along its “viewing orbit” around the graph. 


Moving along this orbit can 
cause the z axis to wobble 
slightly during the animation 
(as you can see in the preview 
example on page 154). 


To: Do this: 
Animate the graph incrementally Press and release the cursor 
quickly. 
Move along the viewing orbit: © or ® 
Change the viewing orbit’s: © or © 
elevation 
(primarily increases 


or decreases eyed) 


Press and hold the cursor for 
about 1 second, and then 
release it. 

TI-89: To stop, press [ESC], 
ENTER], (ON), or [+] [4] (space). 


Animate the graph continuously 


TI-92 Plus: To stop, press [ESC], 
ENTER], [ON], or the space bar. 


Change between 4 animation 
speeds (increase or decrease the 
incremental changes in the eye 
Window variables) 


Press [+] or [-]. 


Change the viewing angle of a non- 
animated graph to look along the x, 
y, OY Z axis 


Press X, Y or Z, respectively. 


Press 0 
(zero, not the letter O). 


Return to the initial eye angle 
values 


You can also animate a graph by saving a series of graph pictures 
and then flipping (or cycling) through those pictures. Refer to 
“Animating a Series of Graph Pictures” in Chapter 12: Additional 
Graphing Topics. This method gives you more control over the 
Window variable values, particularly eyey (page 162), which rotates 
the graph. 
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Changing the Axes and Style Formats 


Displaying the 
GRAPH FORMATS 
Dialog Box 


Examples of Axes 
Settings 


Tip: Setting Labels = ON is 
helpful when you display 
either type of 3D axes. 


From the Y= Editor, Window Editor, or Graph screen, press: 


FI9 
—or— 
TI-89: [+] LI 
TI-92 Plus: [¢] F 
GRAPH FORMATS ¢ The dialog box shows the 


Coordinates nals current graph format 
RRs settings. 


HIDDEN SURFACE + 


¢ To exit without making a 
change, press [ESC]. 


To change any of these settings, use the same procedure that you use 
to change other types of dialog boxes, such as the MODE dialog box. 


To display the valid Axes settings, 1: 0FF 
highlight the current setting and 
press 0). 2z1(x,y) = x24.5y2 


* AXES — Shows standard 
XYZ axes. 


¢ BOX — Shows 3-dimensional 
box axes. 


The edges of the box are 
determined by the Window 
variables xmin, xmax, etc. 


In many cases, the origin (0,0,0) is inside the box, not at a corner. 


For example, if xmin = ymin = zmin = - 10 and xmax = ymax = zmax = 10, 
the origin is at the center of the box. 
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Examples of Style 
Settings 


Tip: WIRE FRAME is faster 
to graph and may be more 
convenient when you're 
experimenting with different 
shapes. 


Be Aware of 
Possible 
Optical Illusions 


Note: These examples 
show the graphs as 
displayed on the screen. 


Note: These examples use 
artificial shading (which is 
not displayed on the screen) 
to show the front of the box. 


To display the valid Style settings, 
highlight the current setting and 
press 0). 


e« WIRE FRAME — Shows the 3D 
shape as a transparent wire 
frame. 


« HIDDEN SURFACES — Uses 
shading to differentiate the 
two sides of the 3D shape. 


Later sections in this chapter describe CONTOUR LEVELS, WIRE AND 
CONTOUR (page 167) and IMPLICIT PLOT (page 171). 


The eye angles used to view a graph (eye®, eyed, and eyey Window 
variables) can result in optical illusions that cause you to lose 
perspective on a graph. 


Typically, most optical illusions occur when the eye angles are ina 
negative quadrant of the coordinate system. 


Optical illusions may be more noticeable with box axes. For 
example, it may not be immediately obvious which is the “front” of 
the box. 


Looking down Looking up 
from above the xy plane from below the xy plane 


To minimize the effect of optical illusions, use the GRAPH FORMATS 
dialog box to set Style = HIDDEN SURFACE. 
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Contour Plots 


Selecting the Graph _—__In 3D graphing mode, define an equation and graph it as you would 

Format Style any 3D equation, with the following exception. Display the GRAPH 
FORMATS dialog box by pressing [F1] 9 from the Y= Editor, Window 
editor, or Graph screen. Then set: 


Tip: From the Graph Style = CONTOUR LEVELS GRAFH FORMATS 
screen, you can switch from _or-— Coordinates — 

one graph format style to " 

the next (skipping MPLicitT Style = WIRE AND CONTOUR 
PLOT) by pressing: 

TI-89: (1 
TI-92 Plus: F 


¢ For CONTOUR LEVELS, only the contours are shown. 
Note: Pressing: 


7-89: (1 — The viewing angle is set initially so that you are viewing the 
TI-92 Plus: F contours by looking down the z axis. You can change the 
to select CONTOUR LEVELS viewing angle as necessary. 
does not affect the viewing 
angle, view, or Labels — The graph is shown in expanded view. To switch between 
ie - does if you use: expanded and normal view, press [x]. 
-89:[« 
TI-92 Plus: (+) F — The Labels format is set to OFF automatically. 


¢ For WIRE AND CONTOUR, the contours are drawn on a wire 
frame view. The viewing angle, view (expanded or normal), and 
Labels format retain their previous settings. 


Style 21(x,y)=(x3 y- y3 x) / 390 Z1(x,y)=x2 +.5y2 - 5 
Looking down z axis 


Note: These examples use 
the same x, y, andz » ¢ 
Window variable values as a CONTOUR 


ZoomStd viewing cube. If LEVELS » C OS) 


you use ZoomStd, press Z 
to look down the z axis. 


Using eye6=20, eyed=70, eyew=0 


CONTOUR 

LEVELS 
Note: Do not confuse the WIRE AND 
contours with the grid lines. CONTOUR 


The contours are darker. 
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How Are Z Values 
Determined? 


Drawing a Contour 
for the Z Value of a 
Selected Point 
Interactively 


Tip: Any existing contours 
remain on the graph. To 
remove the default contours, 
display the Window editor 
((+] [window] ) and set 
ncontour=0. 


You can set the ncontour Window variable ((¢] [winpow] ) to specify the 
number of contours that will be evenly distributed along the 
displayed range of z values, where: 


zmax - zmin 


increment = ————— 
ncontour + 1 


The z values for the contours are: 


zmin + increment 
zmin + 2(increment) anax 1G. 
zmin + 3(increment) . 


| 


The default is 5. You can 


zmin + ncontour(increment) set this to 0 through 20 


If ncontour=5 and you use the standard viewing window (zmin=~ 10 
and zmax=10) , the increment is 3.333. Five contours are drawn for 
z= ~ 6.666, ~ 3.333, 0, 3.333, and 6.666. 


Note, however, that a contour is not drawn for az value if the 3D 
graph is not defined at that z value. 


If a contour graph is currently displayed, you can specify a point on 
the graph and draw a contour for the corresponding z value. 


1. To display the Draw menu, press: 
TI-89: [2nd] [Fé] 
TI-92 Plus: [F6 


2. Select 7:Draw Contour. 


3. Either: 


OUPWL Our 


¢ Type the point’s x value and press 
ENTER], and then type the y value 
and press [ENTER]. 


—or-— 


¢ Move the cursor to the applicable point. (The cursor moves 
along the grid lines.) Then press [ENTER]. 


For example, suppose the current graph is z1(x,y)=x2 +.5y2 - 5. If you 
specify x=2 and y=3, a contour is drawn for z=3.5. 
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Drawing Contours 
for Specified Z 
Values 


Tip: To remove the default 
contours, use 

[+] [WINDOW] and set 
ncontour=0. 


Notes about 
Contour Plots 


From the Graph screen, display the Draw menu and then select 
8:DrwCtour. The Home screen is displayed automatically with 
DrwCtour in the entry line. You can then specify one or more z values 
individually or generate a sequence of z values. 


Some examples are: 


DrwCtour 5 ————————————_ Draws a contour for z=5. 
DrwCtour {1,2,3} -———————— Draws contours for z=1, 2, and 3. 
DrwCtour seq(n,n, ~ 10,10,2) —— Draws contours for a sequence of z 


values from -10 through 10 in 
steps of 2 (-10, -8, -6, etc.). 


The specified contours are drawn on the current 3D graph. 
(A contour is not drawn if the specified z value is outside the viewing 
cube or if the 3D graph is not defined at that z value.) 


For a contour plot: 


e You can use the cursor keys (page 164) to animate the contour 
plot. 


¢ You cannot trace ((F3]) the contours themselves. However, you 
can trace the wire frame as seen when Style=WIRE AND 
CONTOUR. 


¢ It may take awhile to evaluate the equation initially. 


¢ Because of possible long evaluation times, you first may want to 
experiment with your 3D equation by using Style=WIRE FRAME. 
The evaluation time is much shorter. Then, after you’re sure you 
have the correct Window variable values, display the Graph 
Formats dialog box and set Styles=CONTOUR LEVELS or WIRE 
AND CONTOUR. 
TI-89: [+] LI 
TI-92 Plus: 


° 


F 
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Example: Contours of a Complex Modulus Surface 


Example 


Note: For more accurate 
estimates, increase the 
xgrid and ygrid Window 
variables. However, this 
increases the graph 
evaluation time. 


Tip: When you animate the 
graph, the screen changes 
to normal view. Use [x] to 
toggle between normal and 
expanded views. 


In this example, let {(x)=x*+1. By substituting the general complex 
form x+yi for x, you can express the complex surface equation as 
2(x,y)=abs((x+y* i)+1). 


1. 
2. 


Use [MODE] to set Graph=3D. 


Press [+] [Y=], and define the 
equation: 


Z1(x,y)=abs((x+y* i)*3+1) 


Press [+] [WINDOW], and set 
the Window variables as 
shown. 


Display the Graph Formats 
dialog box: 

TI-89: [+] LI 
TI-92 Plus: [¢] F 

Turn on the axes, set 

Style = CONTOUR LEVELS, 
and return to the Window 
editor. 


= 71. 
ZMax=2. 
Hoontour=10, 


(GRAFH FORMATS 
Coordinates RECT + 


4 JIWIRE FRAME 
OO aCe 


Press [+] [GRAPH] to graph the equation. 


It will take awhile to evaluate the graph; so be patient. When the 
graph is displayed, the complex modulus surface touches the 
xy plane at exactly the complex zeros of the polynomial: 


14,8) ana, 
l5t 2 U, and 5 - 2 U 


Press [F3], and move the 
trace cursor to the zero in 
the fourth quadrant. 


The coordinates let you 
estimate .428-.857i as 
the zero. 


Press [ESC]. Then use the 
cursor keys to animate the 
graph and view it from 
different eye angles. 
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— The zero is precise when z=0. 


This example shows eye0=70, 
eyed=70, and eyey=0. 


Implicit Plots 


Explicit and Implicit 
Forms 


Tip: You can also graph 
many implicit forms if you 
either: 


e Express them as 
parametric equations. 
Refer to Chapter 7. 


¢ Break them into 
separate, explicit 
functions. Refer to the 
preview example in 
Chapter 6. 


Selecting the Graph 
Format Style 


Note: From the Graph 
screen, you can switch to 
the other graph format 
styles by pressing: 

TI-89: (1 
TI-92 Plus: F 
However, to return to 
IMPLICIT PLOT press: 


TI-89: (+) U1 
TI-92 Plus: 


F 


¢ 


In 2D function graphing mode, 
equations have an explicit form 
y=f(x), where y is unique for 
each value of x. 


Many equations, however, have 
an implicit form f(x,y)=g(x,y), 
where you cannot explicitly 
solve for y in terms of x or for x 
in terms of y. 


y is not unique for each x, so 
you cannot graph this in 
function graphing mode. 


By using implicit plots in 3D graphing mode, you can graph these 
implicit forms without solving for y or x. 


Rearrange the implicit form as 
an equation set to zero. 


f(x, y)- g(x, y)=0 


In the Y= Editor, enter the non- 
zero side of the equation. This 
is valid because an implicit plot 
automatically sets the equation 
equal to zero. 


21(x,y)=f(x,y)- g(x,y) 


For example, given the ellipse 
equation shown to the right, 
enter the implicit form in the 
Y= Editor. 


If x2 +.5y2 =30, 
then 21(x,y)=x2 +.5y2 - 30. 


In 3D graphing mode, define an appropriate equation and graph it as 
you would any 3D equation, with the following exception. Display 
the GRAPH FORMATS dialog box from the Y= Editor, Window editor, 
or Graph screen. 

TI-89: (+) LI 
TI-92 Plus: 


F 


° 


Then set: 


GRAFH FORMATS 


Coordinakes RECT + 


Style = IMPLICIT PLOT 
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Note: These examples use 
the same x, y, andz 
Window variable values as a 
ZoomStd viewing cube. If 
you use ZoomStd, press Z 
to look down the z axis. 


Notes About 
Implicit Plots 


The viewing angle is set initially so that you are viewing the plot 
by looking down the z axis. You can change the viewing angle as 
necessary. 


The plot is shown in expanded view. To switch between 
expanded and normal view, press [x]. 


The Labels format is set to OFF automatically. 


x2 -y2 =4 sin(x)+cos(y)=e™* ¥) 
Style ___21(%y)=x?-y2-4 —__21(%y)=sin(x)+cos(y)- el" 9) =x2 -y2 - 21(x,y)=sin(x)+cos(y)- e%* Y) 
IMPLICIT 
PLOT 


For an implicit plot: 


The ncontour Window variable (page 168) has no affect. Only the 
z=0 contour is drawn, regardless of the value of ncontour. The 
displayed plot shows where the implicit form intersects the 

xy plane. 


You can use the cursor keys (page 164) to animate the plot. 


You cannot trace ((F3] ) the implicit plot itself. However, you can 
trace the unseen wire frame graph of the 3D equation. 


It may take awhile to evaluate the equation initially. 


Because of possible long evaluation times, you first may want to 
experiment with your 3D equation by using Style=WIRE FRAME. 
The evaluation time is much shorter. Then, after you’re sure you 
have the correct Window variable values, set Style=IMPLICIT PLOT. 
TI-89: [+] LI 
TI-92 Plus: 


° 


F 
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Example: Implicit Plot of a More Complicated Equation 


Example 


Note: For more detail, 
increase the xgrid and ygrid 
Window variables. However, 
this increases the graph 
evaluation time. 


Tip: When you animate the 
graph, the screen changes 
to normal view. Press [x] to 
switch between normal and 
expanded views. 


Graph the equation sin(x++y-x° y) = .1. 


1. Use [MODE] to set Graph=3D. 


2. Press [+] [Y=], and define the 
equation: 


21(x,y)=sin(x*4+y- x43y)-.1 


OO 
Zltx,yl=sintx*4+y-x Sty. 
MAI RAD AUTO 2D 


3. Press [+] [WINDOW], and set 
the Window variables as 


shown. 

ncontour=5. 

4 Press: GRAFH FORMATS 
Coordinates RECT + 

TH-89: (0 . 
Lacan aeche [Pe Gerace 
Turn on the axes, set TOUR LEVELS 
Style = IMPLICIT PLOT, and SrIneLieil Fl 
return to the Window 
editor. 


5. Press [+] [GRAPH] to graph 
the equation. 


It will take awhile to 
evaluate the graph; so be 


patient. The graph shows where 
sin(x4+y-x8y) = .1 


6. Use the cursor keys to 
animate the graph and view 
it from different eye angles. 


In expanded view, this example 
shows eye0=~-127.85, eyed=52.86, 
and eyey=~18.26. 
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Differential Equation Graphing 


Note: A differential equation 

is: 

¢ 1st-order when only 
1st-order derivatives 
appear. 


¢ Ordinary when all the 
derivatives are with 
respect to the same 
independent variable. 


Preview of Differential Equation Graphing ............eceeseeeeeeeeeeeeeeee 176 
Overview of Steps in Graphing Differential Equations...................-. 178 
Differences in Diff Equations and Function Graphing..................+ 179 
Setting the Initial Conditions ...0.. ee ceeeeseeceeeceeeeeeeeeeeeteesseeaeeeeee 184 
Defining a System for Higher-Order Equations .. 186 
Example of a 2nd-Order Equation ................... ... 187 
Example of a 3rd-Order Equation........ .. 189 
Setting Axes for Time or Custom Plots 00.0... ceeeceeeseeeeeeeeeeeeeeeeeseeeeee 190 
Example of Time and Custom AX€S ........ccccccccseeseceeeeeeseeeseeaeeneeeeeesees 191 
Example Comparison of RK and Euler ............ccccceesecseeeeeteeteeeeeeeesees 193 
Example of the deSolve( ) FUNCTION... eeeeseeseeeeeeeeeeeeeeeeeeeeeeeeees 196 
Troubleshooting with the Fields Graph Format ..............eeeeeeeeeees 197 


This chapter describes how to solve differential equations 
graphically on the TI-89 / TI-92 Plus. Before using this chapter, you 
should be familiar with Chapter 6: Basic Function Graphing. 


The TI-89 / TI-92 Plus solves 1st-order systems of ordinary 
differential equations. For example: 


y' = .001 y * (100 - y) 
or coupled Ist-order differential equations such as: 


yl'= ~y1+0.1 *y1 *y2 
y2'=3 *y2-yl1 *y2 


You can solve higher-order equations by defining them as a 
system of 1st-order equations. For example: 


y"+y=sin(t) can be defined as y1'=y2 


y2' = ~y1 +sin(t) 


By setting appropriate initial conditions, you can graph a 
particular solution curve of a differential equation. 


You can also graph a slope 
or direction field that helps 
you visualize the behavior of 
the entire family of solution 
curves. 


ee 


SPL LARP LPP PLP PLP PL SS 
LPL AM ELL ELE PELE EES 
LEAP PELL EEE PELL ELS 
a ee i 
“3 PEE EEE EE EEE EE of the 


For graphing, the TI-89 / TI-92 Plus uses numerical methods that 
approximate the true solutions. The deSolve() function lets you 
solve some differential equations symbolically. This chapter 
introduces deSolve(). Refer to Appendix A for more details. 
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Preview of Differential Equation Graphing 


Steps 


Display 


1. Display the MODE dialog box. 
For Graph mode, select 
DIFF EQUATIONS. 


2. Display and clear the Y= Editor. 
Then define the 1st-order 
differential equation: 


y1'(t)=.001y1 * (100- y1) 

Press [x] to enter the * shown above. 

Do not use implied multiplication i i : 

between the variable and : : [Main RADAUTO DE 

parentheses. If you do, it is treated asi : : Important: With y1' 

a function call. i : : selected, the 

Leave the initial condition yi1 blank. i ? TI-89 / TI-92 Plus will graph 
i i i the y1 solution curve, not 

he derivative y1'. 


3. Display the GRAPH FORMATS =?) i] F i sta FORINT 


dialog box. Then set Axes=ON, :©©Q2 iO OC2 

Labels = ON, Solution Method= i©@@O@2 iIODOC2 

RK, and Fields = SLPFLD. i©O1 iOO1 

Important: To graph one differential 100 1 (ENTER 0 © 1 IENIER i 


equation, Fields must be set to 
SLPFLD or FLDOFF. /f Fields= DIRFLD, § 
an error occurs when you graph. 


4. Display the Window Editor, and i +] [Window] i] winow] 


set the Window variables as 10©@109 0 100 

shown to the right. :.100© :.1©0© 
#4)10©@110 i#)10@110 : : 
i©10@G10 110010 } Ea 
101200 1©120© i aeeeTs, BOL 
110©0©.001/10Q00.00: Fidres"Ze. 
i© 20 11@20 i 

5. Display the Graph screen. (2) [GRAPH] (7) [eraPH] Fcc eam On cer ed gm 


Because you did not specify an initial 
condition, only the slope field is i 
drawn (as specified by 

Fields=SLPFLD in the GRAPH 
FORMATS dialog box). 


Fane eee ee Se ee 


RAG AUTO bE 


= 
i 
FS 
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6. 


10. 


Steps 


Return to the Y= Editor and 
enter an initial condition: 


yi1=10 


Return to the Graph screen. 


Initial conditions entered in the 


Y= Editor always occur at t0. The 
graph begins at the initial condition : 
and plots to the right. Then it plots to ? 


the left. 


Return to the Y= Editor and 


change yi1 to enter two initial 


conditions as a list: 
yi1={10,20} 


Return to the Graph screen. 


To select an initial condition 
interactively, press: 

TI-89: [2nd] [Fs] 
TI-92 Plus: [F8 


When prompted, enter t=40 and 


y1=45. 


When selecting an initial condition i 
interactively, you can specify a value ? 
for t other than the tO value entered in: 


the Y= Editor or Window Editor. 


Instead of entering t and y1 after 


pressing TI-89: (2nd) [F8] 


TI-92 Plus: (F8], you can move the 
cursor to a point on the screen and 


then press [ENTER]. 


You can use [F3] to trace curves for 

initial conditions specified in the Y=? 
Editor. However, you cannot trace the i 
curve for an initial condition selected 


interactively. 


Display 


SPSL ARE LP PLP PLP PP PL SS 
LLL AM ELLE EEE EEL ELS 
LLLP ELLE ELE PELL ELS 
ie ee ee ee 
3 PEELE EEE EEE Ef he 
a 
Pca oe a Pa Pe Se ne nS a a TL 


Lthe initial condition is 
marked with a circle. 


*\ [Y=] #\ [Y=] © 
ENTER] [2nd] [{] :(ENTER] (2nd) [1] i 
10G)2 02nd [}] 2106) 2 0nd [}] j-wi'=.001-yi-C1a0- 41) 
= yil=C10 203 
ENTER ENTER 
ra [GRAPH] (GRAPH Sa 
PEP Ph Pett i ted 
CPL FAT AFT AF AF 
FP PP PA PS PE ES SF 
PLL AL OPP AP AF oe 
F PEE EEE EE Ef he 
i [ond] [Fé] Alas TSS 
?4 O (ENTER ?4 0 [ENTER 
: SAPP EL EES 
SPAT AS AT 
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ENTER 45 (ENTER 


Jetritial 


dit fetta oe 
Jade) 


Comditions=%. 
| 


Za 1l= 


A he 
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Overview of Steps in Graphing Differential Equations 


Hi MObE 
Graphing Set Graph mode (GO0E) ae: 
Differential fe DIFF pom Sane 

" so set Angle mode, Bhar lar Bisie FL 
cali it necessary. Haag Grate 

Come lex Forni i 


~ Hector Format 
Frotkhy Print 


TENtGY=SANE 7 ‘ESC=CANCEL 7 


Define equations and, 
optionally, initial 
conditions on Y= Editor 


7 Select ((F4]) which 
Tip: To turn off any stat defined aa ionsito ; 
data plots, press [F5) 5 or graph. fad C=, Beet eCT OTs 
use [F4] to deselect them. MAIN RAD AUTO DE 
Refer to Chapter 16. 


Set the display style for 
an equation. 


TI-89: [2nd) [Fe] 
TI-92 Plus: [Fé 


Set the graph format. 
Solution Method and 


Note: The Fields format is Fields are unique to 
critical, depending on the differential equations. 
order of the equation Fi] 9 
(page 197). —or— oN? 
TI-89: efi Fields... SLPFLD+ 
TI-92 Plus: [+] F 


Note: Valid Axes settings Set the axes as 

depend on the Fields format | applicable, depending 
(pages 190 and 197). on the Fields format. 
TI-89: (2nd) [F7] 
TI-92 Plus: (F7 


EnteresAve ESCECAMCEL 


Lo=0, 
tmax=10, 
petepca! 
. 7 — tplot=o, 
Note: Depending on the Define the viewing anos 
Solution Method and Fields window ((+} [winpow]). xscl=16,— 
formats, different Window ymins 18. 
variables are displayed. gecl=16, ” 
curves =O 


Tip: 2) Zoom also changes flares=30. 


the viewing window. 
festsleten|rracelnetr ornate auf nf | 
FA 


Graph the equations ho ————— 


(C+) [GRAPH)]). 


i ee 
FAP AP AP AP AP AP APY 
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Differences in Diff Equations and Function Graphing 


Setting the 
Graph Mode 


Defining Differential 
Equations on the 
Y= Editor 


Tip: You can use the Define 
command from the Home 
screen to define functions 
and equations. 


Selecting 
Differential 
Equations 


Selecting the 
Display Style 


Use [MODE] to set Graph = DIFF EQUATIONS before you define 
differential equations or set Window variables. The Y= Editor and the 
Window Editor let you enter information for the current Graph mode 
setting only. 


Use t0 to specify when initial 
conditions occur. You can also set 
tO in the Window Editor. 


| -——~ Use yi to specify one or more initial 


wis conditions for the corresponding 
jud | Chis, Wedded LOO differential equation. 
MaAIH RAD AUTO bE 


You can define differential 
equations y1'(t) through y99'(t). 


When entering equations in the Y= Editor, do not use y(t) formats to 
refer to results. For example: 
~— Do not use implied multiplication 
Enter: yt" = .001y1* (100-y1) perwectys yateble. and 
' parenthetical expression. If you 
Not: y1' = .001y1(t)*(100-y1(t)) — do, it is treated as a function call. 


Only Ist-order equations can be entered in the Y= Editor. To graph 
2nd- or higher-order equations, you must enter them as a system of 
1st-order equations. For information, refer to page 186. 


For detailed information about setting initial conditions, refer to 
page 184. 


Fiz | Fe- [Fe 
You can use [Fd] to select a SFLOTE 
differential equation, but a toeg ; 

“Ws ' Fil - 


j initi iti » OG) 
its initial condition. rat 


yil= 
eis 
Important: Selecting y1' yiz= 
will graph the y1 solution aiz= 
curve, not the derivative hg 'cto=, Geleyl +c lool» 
y1', depending on the axis Harn RAD AUTO DE 
setting. 


With the Style menu, only the Line, Dot, Square, Thick, Animate, and 
Path styles are available. Dot and Square mark only those discrete 
values (in tstep increments) at which a differential equation is 


plotted. 
TI-89: [2nd] [Fé] 
TI-92 Plus: [Fé 
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Setting Graph 
Formats 


Important: The Fields 
graph format is critical in 
successfully graphing 
differential equations. Refer 
to “Troubleshooting with the 
Fields Graph Format” on 
page 197. 


Tip: If you press [ENTER 
while a slope or direction 
field is being drawn, the 
graph pauses after the field 
is drawn but before the 
solutions are plotted. Press 
ENTER] again to continue. 


Tip: To cancel graphing, 
press (ON). 


From the Y= Editor, Window 
Editor, or Graph screen, press: 


FI) 9 
—or— 
TI-89: [¢] LI 


TI-92 Plus: [*] F 


(GRAFH FORMATS 


Labels 
Soluti RE 
Fields... SLFFLD + 


ESC=CANCEL 


Enter =SAVE 


The formats affected by differential equations are: 


Graph format 
Graph Order 


Solution 
Method 


Fields 


Description 


Not available. 


Specifies the method used to solve the differential 
equations. 


RK — Runge-Kutta method. For information 
about the algorithm used for this method, refer 
to Appendix B. 


EULER — Euler method. 


The method lets you choose either greater 
accuracy or speed. Typically, RK is more accurate 
than EULER but takes longer to find the solution. 


Specifies whether to draw a field for the 
differential equation. 


SLPFLD — Draws a slope field for only one Ist- 
order equation, with t on the x axis and the 
solution on the y axis. To see how a slope field 
is used, refer to the example starting on 

page 176. 


DIRFLD — Draws a direction field for only one 
2nd-order equation (or system of two Ist-order 
equations), with axes determined by the 
custom axes settings. To see how a direction 
field is used, refer to the example starting on 
page 187. 


FLDOFF — Does not display a field. This is 
valid for equations of any order, but you must 
use it for 3rd- or higher-order. You must enter 
the same number of initial conditions for all 
equations in the Y= Editor (page 184). For an 
example, refer to page 189. 
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Setting Axes 


Window Variables 


Note: Iftmax <t0, tstep must 
be negative. 


Note: If Fields=SLPFLD, 
tplot is ignored and is 
assumed to be the same 
as t0. 


In the Y= Editor, Axes may or may not be available, depending on the 
current graph format. 


If it is available, you can select the 
axes that are used to graph the 
differential equations. For more 
information, refer to page 190. 


Enter=SAve ESCSCANCEL 


TI-89: [2nd] [F7] 
TI-92 Plus: [F7 
Axes 

TIME 
CUSTOM 


Description 


Plots t on the x axis and y (the solutions to the selected 
differential equations) on the y axis. 


Lets you select the x and y axes. 


Differential equation graphs use the following Window variables. 
Depending on the Solution Method and Fields graph formats, not all of 
these variables are listed in the Window Editor ((+] [WINDOW] ) at the 


same time. 
Variable Description 
to Time at which the initial conditions entered in the 
Y= Editor occur. You can set t0 in the Window Editor 
and Y= Editor. (If you set t0 in the Y= Editor, tplot is set 
to the same value automatically.) 
tmax, Used to determine the t values where the equations are 
tstep plotted: 
y'(t0) 
y'(t0+tstep) 
y'(t0+2* tstep) 
... Not to exceed ... 
y'(tmax) 
If Fields = SLPFLD, tmax is ignored. Equations are 
plotted from t0 to both edges of the screen in tstep 
increments. 
tplot First t value plotted. If this is not a tstep increment, 


plotting begins at the next tstep increment. In some 
situations, the first points evaluated and plotted 
starting at t0 may not be interesting visually. By setting 
tplot greater than t0, you can start the plot at the 
interesting area, which speeds up the graphing time 
and avoids unnecessary clutter on the Graph screen. 
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Window Variables xmin, xmax, 
(Continued) ymin, ymax 


xscl, yscl 


ncurves 


Note: For information about 
how the Fields graph format 
affects whether ncurves is 
used, refer to page 184. 


diftol 


fldres 


Estep 


dtime 


Boundaries of the viewing window. 


Distance between tick marks on the x and y axes. 


Number of solution curves (0 through 10) that will be 
drawn automatically if you do not specify an initial 
condition. By default, ncurves = 0. 


When ncurves is used, tO is set temporarily at the middle 
of the screen and initial conditions are distributed 
evenly along the y axis, where: 

ymax - ymin 
increment = 7 ovesa 7 
The y values for the initial conditions are: 


ymin + increment 
ymin + 2* (increment) 


ymin + ncurves* (increment) 


(Solution Method = RK only) Tolerance used by the RK 
method to help select a step size for solving the 
equation; must be >1E~ 14. 


(Fields = SLPFLD or DIRFLD only) Number of columns 
(1 through 80) used to draw a slope or direction field 
across the full width of the screen. 


(Solution Method = EULER only) Euler iterations 
between tstep values; must be an integer >0. For more 
accuracy, you can increase Estep without plotting 
additional points. 


(Fields = DIRFLD only) Point in time at which a 
direction field is drawn. 


Standard values (set when you select 6:ZoomStd from the [F2] Zoom 
toolbar menu) are: 


tO =0. 
tmax = 10. 
tstep = .1 
tplot = 0. 


xmin = ~ 1. ymin = ~ 10. ncurves = 0. 

xmax = 10. ymax = 10. diftol = .001 

xscl = 1. yscl = 1. Estep = 1. 
fldres = 14. 
dtime = 0. 


You may need to change the standard values for the t variables to 
ensure that sufficient points are plotted. 
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The fldpic System 
Variable 


Exploring a Graph 


Tip: During a trace, you can 
move the cursor to a 
particular point by typing a 
value for t and pressing 
ENTER]. 


Tip: You can use 
QuickCenter at any time 
during a trace, even if the 
cursor is still on the screen. 


When a slope or direction field is drawn, a picture of the field is 
stored automatically to a system variable named fldpic. If you 
perform an operation that regraphs the plotted equations but does 
not affect the field, the TI-89 / TI-92 Plus reuses the picture in fldpic 
instead of having to redraw the field. This can speed up the 
regraphing time significantly. 


fldpic is deleted automatically when you exit the differential equation 
graphing mode or when you display a graph with Fields = FLDOFF. 


As in function graphing, you can explore a graph by using the 
following tools. Any displayed coordinates are shown in rectangular 
or polar form as set in the graph format. 


Tool For Differential Equation Graphs: 


Free-Moving Works just as it does for function graphs. 
Cursor 


F2}] Zoom Works just as it does for function graphs. 


¢ Only x (xmin, xmax, xscl) and y (ymin, ymax, yscl) 
Window variables are affected. 


¢ The t Window variables (tO, tmax, tstep, tplot) are 
not affected unless you select 6:ZoomStd (which 
sets all Window variables to their standard values). 


F3] Trace Lets you move the cursor along the curve one tstep at 
atime. To move approximately ten plotted points at a 
time, press [2nd] ® or [2nd] ©. 


If you enter initial conditions in the Y= Editor or let 
the ncurves Window variable plot curves 
automatically, you can trace the curves. If you use: 
TI-89: (2nd) [Fs] 
TI-92 Plus: [F8 
IC from the Graph screen to select initial conditions 
interactively, you cannot trace the curves. 


QuickCenter applies to all directions. If you move the 
cursor off the screen (top or bottom, left or right), 
press [ENTER] to center the viewing window on the 
cursor location. Use © or © to view results on all 
plotted curves. 


F5] Math Only 1:Value is available. 


¢ With TIME axes, the y(t) solution value (represented 
by yc) is displayed for a specified t value. 


¢« With CUSTOM axes, the values that correspond to 
x and y depend on the axes you choose. 
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Setting the Initial Conditions 


Entering Initial 
Conditions in the 
Y= Editor 


Note: For information about 
defining a system for higher- 
order equations, refer to 
page 186. 


If You Do Not Enter 
an Initial Condition 
in the Y= Editor 


Tip: Without entering initial 
conditions, use SLPFLD 
(with ncurves=0) or DIRFLD 
to display a slope or 
direction field only. 


Note: SLPFLD is for a single 
1st-order equation only. 
DIRFLD is for a 2nd-order 
equation (or system of two 
1st-order equations) only. 
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You can specify one or more initial conditions in the Y= Editor. To 
specify more than one, enter them as a list enclosed in braces { } and 
separated by commas. 


To enter initial conditions for 

the y1' equation, use the yi1 line, =o. 

etc “yi'=.001-u1-(180 - yi) 
: yil=ia 


“PLOTS 


To specify when the initial 
conditions occur, use tO. | 
This is also the first t tO=0, 
evaluated for the graph. vyl'=. 001 “yt (198 -y1) 


fuilstig 2 
To graph a family of solutions, wer 


enter a list of initial conditions. Tuga 0: ooh ee 


displayed. 


For a 2nd- or higher-order differential equation, you must define a 
system of 1st-order equations in the Y= Editor. 


If you enter initial conditions, 
you must enter the same number 
of initial conditions for each 
equation in the system. 
Otherwise, a Dimension error 
occurs. 


If you do not enter initial conditions, the ncurves Window variable 
((+] [WINDOW] ) specifies the number of solution curves graphed 
automatically. By default, ncurves = 0. You can enter a value from 

0 through 10. However, the Fields graph format and the Axes setting 
determine whether ncurves is used. 


If Fields = Then: 

SLPFLD Uses ncurves, if not set to 0, to graph curves. 
DIRFLD Ignores ncurves. Does not graph any curves. 
FLDOFF Uses ncurves if Axes = TIME (or if Axes = Custom and 


the x axis is t). Otherwise, a Diff Eq setup error occurs. 


When ncurves is used, tO is set temporarily at the middle of the Graph 
screen. However, the value of t0 as set in the Y= Editor or Window 
Editor is not changed. 
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Selecting an Initial 
Condition 
Interactively from 
the Graph Screen 


Note: With SLPFLD or 
DIRFLD, you can select 
initial conditions interactively 
regardless of whether you 
enter initial conditions in the 
Y= Editor. 


Note: With FLDOFF, you 
can select initial conditions 
interactively. However, if 
three or more equations are 
entered, you must enter a 
single value (not a list) as 
the initial condition for each 
equation in the Y= Editor. 
Otherwise, a Dimension 
error occurs when graphing. 


Note about Tracing 
a Solution Curve 


When a differential equation is graphed (regardless of whether a 
solution curve is displayed), you can select a point on the Graph 
screen and use it as an initial condition. 


If Fields = Do this: 
SLPFLD 1. Press: 
-or- TI-89: (2nd) [Fs] 
DIRFLD TI-92 Plus: [F8 
2. Specify an initial condition. Either: 
¢ Move the cursor to the applicable point and 
press [ENTER]. 
_or—- 
¢ For each of the two coordinates, type a value 
and press [ENTER]. 

— For SLPFLD (1st-order only), enter values 
for tO and y(t0). 

— For DIRFLD (2nd-order or system of two Ist- 
order equations only), enter values for both 
y(tO) initial conditions, where t0 is the value 
set in the Y= Editor or Window Editor. 

A circle marks the initial condition and the solution 
curve is drawn. 
FLDOFF 1. Press: 
TI-89: [2nd] [F8] 
TI-92 Plus: [F8 


You are prompted to select the axes for which you 
want to enter initial conditions. 


INTERACTIVE IMITIAL CONDITIONS 


t—— tis a valid selection. 
It will let you specify 
a value for tO. 


HAMID E> 
Vax vis 


Enter=SAve ESC =CANCEL 


Your selections will be used as the axes for the 
graph. 


You can accept the defaults or change them. Then 
press [ENTER]. 


Specify an initial condition as described for 
SLPFLD or DIRFLD. 


When you enter initial conditions in the Y= Editor or let ncurves 
graph solution curves automatically, you can use [F3] to trace the 


curves. 


However, you cannot trace a curve drawn by selecting an initial 
condition interactively. These curves are drawn, not plotted. 
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Defining a System for Higher-Order Equations 


Transforming an A system of equations can be defined in various ways, but the 
Equation into a 1st- following is a general method. 


Order System 1. Rewrite the original differential y"+y'+y=e% 


equation as necessary. 


a. Solve for the highest-ordered y"=e*-yi-y 
derivative. 
b. Express it in terms of y and t. y"=el-y'-y 
Note: To produce a 1st- c. On the right side of the equation 
order equation, the right only, substitute to eliminate any 


side must contain non- 


derivative variables only. references to derivative values. 


In place of: Substitute: 


y y1 y"=et- y2-yt 
y' y2 

y" y3 Do sisi 

y" y4 substitute on 

y) y5 the left side 

: : at this time. 


d. On the left side of the equation, 
substitute for the derivative value 
as shown below. 


In place of: Substitute: 


y yl" y2'=el-y2-y1 
y" y2' 
y™ y3' 


Note: Based on the above 2. On the applicable lines in the Y= Editor, 


substitutions, the y' lines in define the system of equations as: 
the Y= Editor represent: v 
f'ay' 
etc. y2'=y3 
So, this example’s 2nd- y3' = y4 
order equation is entered on Upto _ 
the y2' line. P ee A ee ae 


yn' = your n'"-order equation 


In asystem such as this, the solution to the y1' equation is the 
solution to the n-order equation. You may want to deselect any 
other equations in the system. 
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Example of a 2nd-Order Equation 


Example 


Note: tO is the time at which 
the initial conditions occur. It 
is also the first t evaluated 
for the graph. By default, 
t0=0. 


Important: For 2nd-order 
equations, you must set 
Fields=DIRFLD or FLDOFF. 


Important: Fields=DIRFLD 
cannot plot a time axis. An 
Invalid Axes error occurs if 
Axes=TIME or if tis set as a 
CUSTOM axis. 


1. Press 


2. Define a system of equations 
for the 2nd-order equation as 
described on page 186. 


Rewrite the equation and 
make the necessary 
substitutions. 


3. In the Y= Editor ((+] [Y=], 
enter the system of equations. 


4. Enter the initial conditions: 
yi1=0 and yi2=1 


5. Press: 

Fi] 9 
TL-89: [¢] [1 
TI-92 Plus: [+] F 
and set Axes = ON, Labels = 
OFF, Solution Method = RK, and 
Fields = DIRFLD. 

6. In the Y= Editor, press: 

TI-89: [2nd] [F7] 
TI-92 Plus: (F7 
and make sure Axes = CUSTOM 
with y1 and y2 as the axes. 

7. Inthe Window Editor 

((+] [Window] ), set the 

Window variables. 


8. Display the Graph screen 
({*] [GRAPH] ). 


x axis = yl = y — 


MODE] and set Graph=DIFF EQUATIONS. 


y"+y=0 
= 7), 

y"= "yl 

y2'= -y1 


ios Oo. yil is the initial 
ee condition for y(0). 


yi2 is the initial 
condition for y'(0). 


(GRAFH FORMATS 


Enter SSAVe ESC=CANCEL 


ARES 
Axes: CUSTOM + 


HAM Vd 
Vaxiss vt3 


Enter=SAve ESCSCANCEL 


tO=0. xmin=-2. ncurves=0. 
tmax=10. xmax=2.  diftol=.001 
tstep=.1 xscl=1. fldres=14. 
tplot=0. ymin=~-2. dtime=0. 
ymax=2. 
yscl=1. 
a 


a er ee 


en ee 
eee eee 


y axis = y2=y' 


If you select ZoomSqr ({F2] 5), you can see that the phase-plane orbit 


is actually a circle. However, ZoomSqr will change your Window 


variables. 
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Note: To display different 
graphs in both parts of a 
split screen, you must use 
the 2-graph mode. 


Important: Because 
Fields=DIRFLD cannot plot a 
time axis, you must change 
the Fields setting. FLDOFF 
turns off all fields. 


Note: When you enter 2- 
graph mode, Window 
variables for the right side 
are set to their defaults. 


To examine this harmonic oscillator in more detail, use a split screen 
to graph the manner in which y and y' change with respect to time (t). 


9. Press [MODE] and change the 
mode settings on Page 2 as 
shown. Then close the MODE 
dialog box, which redraws the 
graph. 


10. Press (2nd) [2&1] to switch to the 
right side of the split screen. 


11. Use [F4] to select y1' and y2'. 


The right side uses the same 
equations as the left side. 
However, no equations are 
selected initially in the right 
side. 


12. Press: 

F1] 9 
TI-89: [¢] [1 
TI-92 Plus: [+] F 

Set Fields = FLDOFF. 


13. In the Y= Editor, press: 
TI-89: (2nd) [F7] 
TI-92 Plus: (F7 
and make sure Axes = TIME. 


14. In the Window Editor, change 
ymin and ymax as shown to the 
right. 


15. Press [¢] [GRAPH] to display the 
Graph screen for graph #2. 


The left side shows the phase- 
plane orbit. The right side 
shows the solution curve and 
its derivative. 


16. To return to a full screen of 
the original graph, press 

2nd] [-E]] to switch to the left 

side. Then press [MODE] and 

change the Split Screen setting. 
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MODE 

Fi | Fe | Fe 
Fade d|Fade erage = 

i LEFT-RIGHT > 

Grarh> 

= Editor + 
FF EQUATIONS + 
AUTO? 
[DEL ES 


ESCSCAMCEL 


(GRAFH FORMATS 


Coordinates... RECT + 
a ker ieee 


Enter=sAve ESCSCANCEL 


Split Screen = FULL 


Example of a 3rd-Order Equation 


Example 


Note: tO is the time at which 
the initial conditions occur. 
By default, tO=0. 


Important: For 3rd- or 
higher-order equations, you 
must set Fields=FLDOFF. 
Otherwise, an Undefined 
variable error occurs when 
graphing. 


Note: With Axes=TIME, the 
solution to the selected 
equation is plotted against 
time (t). 


Tip: To find the solution at a 
particular time, use [F3) to 
trace the graph. 


. Define a system of equations 


for the 3rd-order equation as 
described on page 186. 


Rewrite the equation and 
make the necessary 
substitutions. 


. Inthe Y= Editor ((+] [y=] ), 


enter the system of 
equations. 


. Enter the initial conditions: 


yi1=0, yi2=1, and yi3=1 


. Be sure that only y1'is 


selected. Use [F4] to deselect 
any other equations. 


. Press: 


[Fi9 
—or— 
TL-89: [¢] [I 
TI-92 Plus: [+] F 

Set Axes = ON, Labels = ON, 
Solution Method = RK, and 
Fields = FLDOFF. 


. Inthe Y= Editor, press: 


TI-89: [2nd] [F7] 
TI-92 Plus: [F7 
Set Axes = TIME. 


. Inthe Window Editor 


({+] [WINDOW] ), set the 
Window variables. 


. Display the Graph screen 


((¢] [GRAPH] ). 


. Press [MODE] and set Graph=DIFF EQUATIONS. 


y" + 2y" + 2y' + y = sin(x) 
y™ = sin(x) - 2y" - 2y'-y 
y™ = sin(t) - 2y" - 2y'-y 


y™ = sin(t) - 2y3 - 2y2 - y1 
y3' = sin(t) - 2y3 - 2y2 - y1 


yiz=1 
yS'ssingti- 2-ys-2-ye-yl 


\_ Important: The solution to the y1' 
equation is the solution to the 3rd- 
order equation. 


(GRAFH FORMATS 


Enter=SAve ESC=CANCEL 


ARES 


Axes! TIME + 


Bere 


Enter=SAve ESC=CANCEL 


tO=0. xmin=-1. ncurves=0. 
tmax=10. xmax=10. diftol=.001 
tstep=.1 xscl=1. 
tplot=0. ymin=~ 3. 

ymax=3. 

yscl=1. 

ud 
t 
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Setting Axes for Time or Custom Plots 


Displaying the From the Y= Editor, press: 
AXES Dialog Box TI-89: [2nd] [F7] 
TI-92 Plus: [F7 
= Hibs If Fields = SLPFLD, Axes is 
ine ad unavailable. 
—— TI-89: (2nd) [F7] 
CEREVSSAVE > CESCSCANEEL > TI-92 Plus: {F7 
Item Description 
Axes TIME — Plots t on the x axis and y (solutions to all 


selected differential equations) on the y axis. 


CUSTOM — Lets you select the x and y axes. 


X Axis, Active only when Axes = CUSTOM, these let you select 
Y Axis what you want to plot on the x and y axes. 
ARES 


BOAMISE 1 
Y Axis 


SEnterd a3 ESC=CANCEL 
2 


fed 
Note: t is not valid for t— time 
either Axis when 
Fields=DIRFLD. /f you y — solutions (y1, y2, etc.) of all selected differential 
select t, an Invalid axes equations 


error occurs when graphing. 
y' — values of all selected differential equations (y1', 
y2', etc.) 


y1, y2, etc. — the solution to the corresponding 
differential equation, regardless of whether that 
equation is selected 


y1', y2', etc. — the value of the right-hand side of the 
corresponding differential equation, regardless of 
whether that equation is selected 
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Example of Time and Custom Axes 


Predator-Prey Model __ Use the two coupled Ist-order differential equations: 
yl'=-y1+0.ly1*y2 and y2'=3y2-y1*y2 


where: 
y1 = Population of foxes 
yi1 = Initial population of foxes (2) 


Population of rabbits 
yi2 = Initial population of rabbits (5) 


bi 
5 
ll 


1. Use [MODE] to set Graph = DIFF EQUATIONS. 


Tip: To speed up graphing 2. In the Y= Editor ((+] [y=], (bein Fables. | 
times, clear any other define the differential “Faas 7 
equations in the Y= Editor. : Pao oe 
With FLDOFF, all equations equations and enter the ia Paden ae 
are evaluated even if they initial conditions. vue zi “ya — yl ye 
are not selected. we 
3. Press: ‘id (GRAFH FORMATS “y 
Fi} 9 : 
—or— 
TI-89: [¢] [1 
TI-92 Plus: [+] F ~ 
CENter=sAve 9 tePSS ANE eCESC=CANCEL 2 
Set Axes = ON, Labels = ON, = SNE 
Solution Method = RK, and 
Fields = FLDOFF. 
4. Inthe Y= Editor, press: ARES 
TI-89: (2nd) [F7] ee he 
TI-92 Plus: [F7 aa 
Set Axes = TIME. 
i i t0=0. xmin=~ 1. ncurves=0. 
Bc Te Wane: Heiiie tmax=10. xmax=10. — diftol=.001 
([¢] winoow] ), set the tstep=n/24 = xscl=5. 
Window variables. tplot=0. ymin=~ 10. 
ymax=40. 
yscl=5. 


6. Graph the differential 
equations ((¢] [GRAPH] ). 


Tip: Use © and © to move 7. Press [F3] to trace. Then press 

the trace cursor between the 3 [ENTER] to see the number of 

CUES TOS 1 ane foxes (yc for y1) and rabbits 
(yc for y2) at t=3. 
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Note: In this example, 
DIRFLD is used for two 
related differential equations 
that do not represent a 2nd- 
order equation. 


Tip: Use a list to specify 
more than one initial 
condition. 


Tip: Use © and © to move 
the trace cursor from one 
initial condition curve to 
another. 


8. Return to the Y= Editor. Press: 


F1] 9 

— or— 

TI-89: [¢] LI 

TI-92 Plus: [+] F 

Set Fields = DIRFLD. 
9. Press: 

TI-89: [2nd] [F7] 

TI-92 Plus: [F7 


Confirm that the axes are set 
as shown. 


10. In the Y= Editor, clear the 
initial conditions for yi1 and 
yi2. 


11. Return to the Graph screen, 
which displays only the 
direction field. 


12. To graph a family of solutions, 
return to the Y= Editor and 
enter the initial conditions 
shown below. 


yi1={2,6,7} and yi2={5,12,18} 


13. Return to the Graph screen, 
which displays a curve for 
each pair of initial conditions. 


14. Press [F3] to trace. Then press 
3 [ENTER] to see the number of 
foxes (xc) and rabbits (yc) at 

t=3. 


Because t0=0 and tmax=10, 
you can trace in the range 
O<sts<10. 
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(GRAFH FORMATS 


Coordinates... RECT + 
fa iy pee 


(naa > 
ESCSCANCEL 


EnterSsAve 


ARES 


Axes: CUSTOM + 
HAM vd 
Vaxiss v3 


Enter=SAve ESC SCANCEL 


Fiz |_Fe=|F? |F4 il For] Fr 
Taos |2oural Edit! [AITpSteIe|Axes.. | 
“FLOTS 

LO=o. 
wylis-yit+.d-eyl-ye 


wil= 
vyu2'=3-y2—-yl-y2 
yiz= 


wif 


i 
i 
| 
| 
| 


h foe 


Fir |_Fex (FS (FY [eS] For | Fe 
Tools|Zonra/ Edit} [AT Sby Te|Axes... 


=H. 
vyli=-yit. truly 
yil=f{2 6 74 


wiz=t{S 12 183 


Example Comparison of RK and Euler 


Example 


Tip: To speed up graphing 
times, clear any other 
equations in the Y= Editor. 
With FLDOFF, all equations 
are evaluated even if they 
are not selected. 


Note: You do not need to 
graph the equation before 
using BldData. For more 
information about BldData, 
refer to Appendix A. 


Press [MODE] and set Graph=DIFF EQUATIONS. 


Express the 1st-order equation y1'=.001y1* (100- y1) 
in terms of y1' and y1. | 
Do not use implied multiplication between 


the variable and parentheses. If you do, it 
is treated as a function call. 


. Enter the equation in the ritislebem[Ediels [tifsteteace.| | 
Y= Editor ((*] [Y=]). p—] tea, 
vul'=.001-yt-(1a- yi) 
Enter the initial condition: gil=10 
yi1=10 ‘_ +0 is the time at which the initial 
condition occurs. By default, t0=0. 
Press: GRAFH FORMATS 
Fi 9 . LOMO ES RECT+ 
—or— 
TI-89: [¢] [1 4 
Te92 Plus: [9] F 
Set Solution Method = RK and 
Fields = FLDOFF. 
In the Window Editor t0=0. xmin=~ 1. ncurves=0. 
tmax=100. xmax=100. diftol=.001 
((+] Window] ), set the — tstep=1. xscl=1. 
Window variables. tplot=0. ymin=~ 10. 
ymax=10. 
yscl=1. 


-__ Important: Change tstep from .1 
(its default) to 1. Otherwise, 
BldData calculates too many 
rows for the data variable and a 
Dimension error occurs. 


In the Home screen [BldData rklog.Ss—~—CS~SC 
TI-89: [HOME 

TI-92 Plus: [¢] [HOME] 

use BldData to create a data 

variable containing the RK 


graphing points. 
: (aR FT 
Return to the Y= Editor, SRAPH FORMATS 
Coordinabes....... RECT + 
press: : : se 
FiJ 9 
Label: > 
— or — Zolution Method (alliag+ 
Fig 1s... FLOOFF + 
Tso: 3). 
TI-92 Plus: [+] F 


Set Solution Method = EULER. 
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Note: errorlog lets you 
combine the data in rklog 
and eulerlog so that you can 
view the two sets of data 
side by side. 


Note: rklog[1] and rklog[2] 
refer to column 1 and 2 in 
rklog, respectively. Likewise 
with eulerlog[2]. 


Tip: Scroll through the data 
variable to see how the RK 
and Euler values differ for 
the same time value. 


Note: To see how to use 
deSolve() to find this exact, 
general solution, refer to 
page 196. 
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9. 


11. 


Return to the Home screen, 
and use BldData to create a 
data variable containing the 
Euler graphing points. 


. Use the Data/Matrix Editor 


({APPS] 6 3) to create a new 
data variable named errorlog. 


In this new data variable, 
define the c1, c2, and c3 
column headers to refer to 
data in rklog and eulerlog. 
Also, enter column titles as 
shown. 


To define a column header, 
move the cursor to that 

column, press [F4], type the 
reference expression (such 
as rklog[1] for c1), and press 
ENTER}. 


12. In the Data/Matrix Editor, 


press [F2]. Then press [F1] and 
define Plot 1 for the RK data, 
as shown to the right. 


13. Define Plot 2 for the Euler 


data. Use the values shown 
to the right. 


14. Return to the Y= Editor, 


press [MODE], and set 
Graph = FUNCTION. 


15. The exact solution to the 


differential equation is given 
below. Enter it as y1. 


y1 = (100* e%(x/10))/(e%(x/10)+9) 
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BldData eulerlog 


MEM 


THREE 
Folder: 
Variable: 
Es 


Data> 
main > 


Errored 
ESCECAMCEL 


Enter=Ok 


-— c1=rklog[1] or 
c1=eulerlog[1] 


-— c2=rklog[2] 


c3= 
| eulerlog(2) 


Fi-| Fe Fey Fa |Fe |fodre 
Toots|FIot Spturlce|Header|Catc|Utin| stat] 
baTa [Line [RE 
cl oe 


o. 10. a. 

i. 10. 937]10.9 

2. 11,.949)11.971 

3s 13.0427)12. 317) 
ey Eee 


aaa 
cs=eulerlogl2] 
MAIN RAD AUTO TE 


Main ver ror lod Flak £ 


ESCECAMCEL 


Enter=SAve 


Plot Type=xyline 
Mark=Cross 
x=c1 

y=c3 


“DATAMOIn SPR SE 1O3 
POMNEL wird 
2 Lett acd vice, 


Man 
=e 
wp if 

aise 


21949 


You can use @ to scroll up to see 
Plot 1 and Plot 2. 


Note: The fuzzy line on the 
graph indicates differences 
between the RK and Euler 
values. 


16. In the Window Editor, set 
the Window variables. 


17. Display the Graph screen 
({+] [GRAPH] ). 


18. In the Window Editor, set the 
Window variables to zoom in 
so that you can examine the 
differences in more detail. 


19. Return to the Graph screen. 


20. Press [F3] to trace, and then 
press © or © until y1 is 
selected. (1 shows in upper 
right corner.) Then enter 40. 


y1 is selected when 1 shows here. — 


xmin=-10. ymin="-10. xres=2. 
xmax=100. ymax=120. 
xscl=10. yscl=10. 
xmin=39.7 ymin=85.5  xres=2. 
xmax=40.3 ymax=86. 
xscl=.1 yscl=.1 
Euler (Plot 2) 
RK (Plot 1) 


yores. 8456 


'__ Exact solution (y1) 


By moving the trace cursor to trace each solution to xc = 40, you can 


find that: 


¢ The exact solution (y1) is 85.8486, rounded to six digits. 


¢ The RK solution (Plot 1) is 85.8952. 
¢ The Euler solution (Plot 2) is 85.6527. 


You can also use the Data/Matrix Editor to open the errorlog data 


variable and scroll to time = 40. 
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Example of the deSolve() Function 


Example 


Tip: For maximum 
accuracy, use 1/1000 
instead of .001. A floating- 
point number can introduce 
round-off errors. 


Note: This example does 
not involve graphing, so you 
can use any Graph mode. 


Tip: Press (2nd) © to move to 
the beginning of the entry 
line. 


Note: If you got a different 
constant (@2, etc.), solve 
for that constant. 


196 


For a general solution, use the following syntax. For a particular 
solution, refer to Appendix A. 


deSolve(/stOr2ndOrderODE, independentVar, dependentVar) 


Using the logistic 1st-order differential equation from the example on 
page 176, find the general solution for y with respect to t. 


deSolve(y' = 1/1000 y* (100- y),t,y) 
L Do not use implied multiplication between the 


variable and parentheses. If you do, it will be 
treated as a function call. 


For ', type (2nd) [’]. 


Before using deSolve(), clear any existing t and y variables. 
Otherwise, an error occurs. 


1. Inthe Home screen sdeSolvely! =apgq y-C180 > 


TI-89: [HOME om 

TI-92 Plus: (4) [Home] ye ee 

use deSolve() to find the e!9 4 199-1|—— 
Bencralsctuuion: ae aT ae 


@1 represents a constant. You may + 
get a different constant (@2, etc.). 


2. Use the solution to define a function. 


a. Press © to highlight the solution in the history area. Then 
press [ENTER] to autopaste it into the entry line. 


b. Insert the Define _ 
instruction at the atepine-ge aes 18) 
beginning of the line. 


TS 4 ine o4 
Then press [ENTER]. . o 


la 


Define y=1Obebe tite te. 
MAIN RAD AUTO FUNC zen 


3. For an initial condition y=10 ssolve(y= 10, @1)|(t=6 


with t=0, use solve() to find Bi =>, 
the @1 constant. zolveCu=18, 1) t=0 
MAIN, RAD AUTO FUNC EMF) 
_ For @, type 
TI-89: [+] (STO 
TI-92 Plus: (2nd) R 
4. Evaluate the general solution = 
(y) with the constant nu eis — Ange 
@1=9/100 to obtain the el8ag 
particular solution shown. IeL=S1BE 


MaAIM RAD AUTO FUME Chri 


You can also use deSolve() to solve this problem directly. Enter: 
deSolve(y' = 1/1000 y* (100- y) and y(0)=10,t,y) 
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Troubleshooting with the Fields Graph Format 


Setting the Fields 
Graph Format 


What Order 
Equation Are You 
Graphing? 


Fields=SLPFLD 


From the Y= Editor, Window 
Editor, or Graph screen, press: 
Fi] 9 
—or— 
TI-89: [¢] LI 
TI-92 Plus: 


° 
n 


(GRAFH FORMATS 


Gri 
Axe 
Lea 
Lab: 
Sal 


ON 
dind Cursor. OFF + 
E15 OF 


If the equation is: 
1st-order 


2nd-order 
(system of two l1st-order equations) 


3rd- or higher-order 
(system of three or more Ist-order 
equations) 


Valid Fields settings are: 
SLPFLD or FLDOFF 


DIRFLD or FLDOFF 


FLDOFF 


Because Fields = SLPFLD is the 
default setting, a common error 
message is shown to the right. 


ERROR 


Slope Fields need one selected 
Function and are used For 
Ast-order equations only 


ESCECAMCEL 


When you see this or any other error message: 


¢ For your order of equation, use the previous table to find the valid 
Fields settings. Change to the applicable setting. 


¢ Fora particular Fields setting, check the following for information 


that applies to that setting. 


In the Use [F4] to select one and only one Ist-order equation. 


Y= Editor 


You can enter multiple equations, but only one at a 
time can be selected. 


The selected equation must not refer to any other 
equation in the Y= Editor. For example: 


If y1'=y2, an Undefined 


variable error occurs when 


you graph. 


In the Graph 
screen 
page 184. 


ERROR 


Undefined woriable 


CEMersGOTos  CESCSCANTEL "3 


If the slope field is drawn but no solution curve is 
plotted, specify an initial condition as described on 
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Fields=DIRFLD In the 
Y= Editor 


With custom 
axes 


In the Graph 
screen 


Notes 


Enter a valid system of two Ist-order equations. For 
information about defining a valid system for a 2nd- 
order equation, refer to page 186. 


Set Axes = CUSTOM: ERROR 
TI-89: [2nd] [F7] Invatid axes 
TI-92 Plus: (F7 


If Axes = TIME, an Invalid 

axes error occurs when 

you graph. 

If you enter initial conditions in the Y= Editor, the 
equations referenced by the custom axes must have 
the same number of initial conditions. 
oR 


Otherwise, a Dimension 
error occurs when you Dimension 
graph. 


Set axes that are valid for your system of equations. 


Do not select t for either axis. Otherwise, an Invalid 
axes error occurs when you graph. 


The two axes must refer to different equations in 
your system of equations. For example, y1 vs. y2 is 
valid, but y1 vs. y1' gives an Invalid axes error. 


If the direction field is drawn but no curve is plotted, 
enter initial conditions in the Y= Editor or select one 
interactively from the Graph screen as described 
starting on page 184. If you did enter initial 
conditions, select ZoomFit: 

TI-89: [F2] [alpha] A 

TI-92 Plus: [F2] A 


The ncurves Window variable is ignored with DIRFLD. 
Default curves are not drawn automatically. 


With DIRFLD, the equations referenced by the custom 
axes determine which equations are graphed, 
regardless of which equations are selected in the 

Y= Editor. 


If your system of equations refers to t, the direction 
field (not the plotted curves) is drawn with respect to 
one particular time, which is set by the dtime Window 
variable. 
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Fields=FLDOFF 


If You Use the Table 
Screen to View 
Differential 
Equations 


In the 
Y= Editor 


With custom 
axes 


In the Graph 
screen 


Notes 


If you enter a 2nd- or higher-order equation, enter it 
as a valid system of equations as described on 
page 186. 


All equations (selected or EAROR 
not) must have the same micvensiow 
number of initial 


conditions. Otherwise, a 
Dimension error occurs 
when you graph. 


To set Axes = TIME or CUSTOM, press: 
TI-89: (2nd) [F7] 
TI-92 Plus: (F7 


If X Axis is not t, you must enter at least one initial 
condition for each equation in the Y= Editor 
(whether the equation is selected or not). 


ERROR 


Otherwise, a Diff Eq setup 
error occurs when you 
graph. 


Diff Ea setur 


If no curve is graphed, set an initial condition as 
described on page 184. If you did enter initial 
conditions in the Y= Editor, select ZoomFit: 
TI-89: [F2] [alpha] A 

TI-92 Plus: (F2] A 


A Ist-order equation may look different with FLDOFF 
than with SLPFLD. This is because FLDOFF uses the 
tplot and tmax Window variables (page 181), which 
are ignored with SLPFLD. 


For Ist-order equations, use FLDOFF and 

Axes = Custom to plot axes that are not possible with 
SLPFLD. For example, you can plot t vs. y1' (where 
SLPFLD plots t vs. y1). If you enter multiple 1st-order 
equations, you can plot one equation or its solution 
vs. another by specifying them as the axes. 


You can use the Table screen to view the points for a differential 
equation graph. However, the table may show different equations 
than those graphed. The table shows only the selected equations, 
regardless of whether those equations will be plotted with your 
current Fields and Axes settings. 
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Additional Graphing Topics 


Preview of Additional Graphing Topics 
Collecting Data Points from a Graph............ eee H 
Graphing a Function Defined on the Home Screen..............::eceee 204 


Graphing a Piecewise Defined Function............ccceceeseseeeeeeeeeeeeeee 206 
Graphing a Family of Curves eu 
Using the Two-Graph Mode .........eesecssessseeseeeseeseeeeeeeaeeeeeeeeeeecseeaeeaesees 
Drawing a Function or Inverse on a Graph. .......eeeeeeeseeteeeeeeneeeeeeeee 212 


Drawing a Line, Circle, or Text Label on a Graph... 
Saving and Opening a Picture of a Graph... de 
Animating a Series of Graph Pictures ..... .. 219 
Saving and Opening a Graph Database ...........cccceeseeeeeeeseeeeeeeeeeeeeeees 220 


This chapter describes additional features that you can use to 
create graphs on the TI-89 / TI-92 Plus. This information generally 
applies to all Graph mode settings. 


FS E4 Fo~] Fer [Fe 
Trace ReGrarh| Math) or aw | Pen 


LKDA 
vos 


RAD AUTO 


This chapter assumes that you already know the fundamental 
procedures for defining and selecting functions, setting Window 
variables, and displaying graphs as described in Chapter 6: Basic 
Function Graphing. 
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Preview of Additional Graphing Topics 


Steps 


Display 


MObE 


Fi FE FS 
Fade ij)Fage t]Fage = 
Grarh.. 


FUMCTIOM > 


1. Display the MODE dialog box. 
For Graph mode, select 
FUNCTION. 

For Angle mode, select RADIAN. 


medin + 

FLOAT 6+ 
RAGIAN + 
MORMAL + 


Be la 0 PECTANGULAR + 
- Pratee Print... OW+ 
2. Display the Home screen. Use i HOME ?L¢ ] [HOME 
the Graph command and the (FA) 2 (2nd)[a-lock] 3{F4] 2 i 
when function to specify the ?WH EN (alpha) X WH EN()X i Graph when(x<0,-x,5*cos(x)) 
piecewise defined function. :2nd)[<] OL) () X :f2nd[<JOLJH)X : 
Fa] 2 selects Graph from the Other :U 5 [x] 2nd) [cos] iL 5 [x] [60s 
toolbar menu and automatically adds ?XD)D XOJ0 
a space. i i 
3. Execute the Graph command, i :LENTER i ENTER : 
which automatically displays the i i 
Graph screen. : : i 


The graph uses the current Window 
variables, which are assumed to be 
their standard values ((F2] 6) for this 


example. 
4. Draw ahorizontal line across 2nd) [F7]5 F715 : 
the top of the cosine curve. HO) (until the line iO (until the line i 
The calculator remains in “line” mode iS positioned) ps positioned) 
until you select a different operation {ENTER FLENTER i 
or press (ESC). : : foxcti. yor. 
5. Save apicture of the graph. Use iF) 2 i Fi 2 ae 
PIC1 as the variable name for the : : 209 10200 i [Gee Fetes 
picture. ip I C [alpha] 1 :P EC. 2 : era 
: : : aFidb Te: 
Be sure to set Type = Picture. By : ENTER) [ENTER : ENTER] [ENTER : 
default, it is set to GDB. i i i 
6. Clear the drawn horizontal line. ifnd)[Fé] 1 iF) 1 
You can also press [F4} to regraph. i 
7. Open the saved picture variable i Fi} 1 i Fi} 1 aH 
to redisplay the graph with the i®2 iQ2 tT aes FietuPes 
line. i(ifnot already : (if not already : Haske 
F ?shown, also set ishown, also set i umes 
Be sure to set Type = Picture. By :5 2 i | chem <FStECRNCEL 
default, it is set to GDB. :Variab le = pict) Variable = = pict) } es aa 
(ENTER :(ENTER : 
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Collecting Data Points from a Graph 


Collecting the 1. Display the graph. (This example shows y1(x)=5*cos(x).) 


Points 2. Display the coordinates or math results you want to collect. 


3. Save the information to the Home screen or the sysData variable. 
TI-89: [¢] [()] (Home screen) or [+ (sysData variable) 
TI-92 Plus: [¢] H (Home screen) or [¢] D (sysData variable) 


a4 


4. Repeat the process as necessary. 


Fax |_Fex [FS FY 
Tools |Zour| Trace|/ReGrarh 


Fe 
Math) fr aur 


Tip: To display coordinates 
or math results, trace a 
function with [F3] or perform 
an[F5] Math operation (such 
as Minimum or Maximum). 


You can also use the free- wed, 28571 yer -2. 06925 
moving cursor. DATA PLACED IM HOME SCREEN HISTORY 
TI-89: &) © . NT-89: &) 
TI-92 Plus: (¢] H TI-92 Plus: (¢] D 
a “ae 
Displayed coordinates are added to Displayed coordinates are stored ina 
the Home screen's history area data variable named sysData, 
(but not the entry line) asa which you can open in the 
single-row matrix or vector. Data/Matrix Editor. 
Fir] Fe~ [Fe-/ Fur FE For Fir Fe Fe FY Fe ia Fr 
Tools AT ebrapCate| Other FramiO}C lean Ue} Tools|Plot Sekurpce Header) Cac Mtit|stak 
Tip: Use a split screen to B[1.93277310924 -1, 77O61E> 7 
stove gph ang eames sashes 4 ssc 
i; ij a[a. “4, 
sari or Data/Matrix Editor TS. 10924 “4. 99738] 
at the same time. S[4. 28571428571 -2, 069225 
[4.20571 -2.06923] 
paci=4, eo l4agurl 
MaAIM RAG AUTO FUME EReT) MaAIM RAG AUTO FUME 


Notes about 
SysData Variable 


¢ When you press: TI-89: [¢] [,] TI-92 Plus: [¢] D 


— IfsysData does not exist, it is created in the MAIN folder. 


— IfsysData already exists, new data is appended to the end of 
any existing data. Existing titles or column headers (for the 
affected columns) are cleared; titles are replaced with the 
applicable titles for the new data. 


¢ The sysData variable can be cleared, deleted, etc., just as any 
other data variable. However, it cannot be locked. 


¢ Ifthe Graph screen contains a function or stat plot that 
references the current contents of sysData, this command will not 
operate. 
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Graphing a Function Defined on the Home Screen 


What Is the “Native” 
Independent 
Variable? 


Copying from the 
Home Screen to the 
Y= Editor 


Tip: Instead of using [Fi] 5 
or {(F1] 6 to copy and paste, 
use: 


TI-89: [+] [COPY] or [+] [PASTE]. 
TI-92 Plus: (¢#]C (copy) or 
+] V (paste). 


Tip: To copy an expression 
from the Home screen’s 
history area to the entry line, 
use the auto-paste feature 
or copy and paste. 


Tip: Define is available from 
the Home screen's [F4 
toolbar menu. 


Tip: (2nd) [RCL] is useful if an 
expression is stored to a 
variable or function that 
does not correspond to the 
Y= Editor, such as a1 or 


f1(x). 


204 


On the Y= Editor, all functions must be defined in terms of the 
current graph mode’s “native” independent variable. 


Graph Mode Native Independent Variable 
Function Xx 

Parametric t 

Polar 8 

Sequence n 

3D x,y 

Differential Equation t 


If you have an expression on the Home screen, you can use any of 
the following methods to copy it to the Y= Editor. 


Method Description 
Copy and 1. Highlight the expression on the Home screen. 
paste Press [Fi] and select 5:Copy. 
2. Display the Y= Editor, highlight the desired 
function, and press [ENTER]. 
3. Press [F1] and select 6:Paste. Then press [ENTER]. 
STO>| Store the expression to a Y= function name. 
2x%34+3x%2-4x+12>y1(x) 
Use the complete function —| 
name: y1(x), not just y1. 
Define Define the expression as a user-defined Y= function. 
command 
Define yl(x)=2x*3+3x*2-4x+12 
2nd][RCL] If the expression is already stored to a variable: 


1. Display the Y= Editor, highlight the desired 
function, and press [ENTER]. 


2. Press [2nd] [RCL]. Type the variable name that 
contains the expression, and press [ENTER] twice. 


Important: To recall a function variable such as 
f1(x), type only f1, not the full function name. 


3. Press [ENTER] to save the recalled expression in the 
Y= Editor’s function list. 
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Graphing Directly 
from the Home 
Screen 


Tip: Graph is available from 
the Home screen's [F4 
toolbar menu. 


Note: Graph uses the 
current Window variable 
settings. 


Tip: To create a table from 
the Home screen, use the 
Table command. It is similar 
to Graph. Both share the 
same expressions. 


Clearing the Graph 
Screen 


Extra Benefits of 
User-Defined 
Functions 


The Graph command lets you graph an expression from the Home 
screen without using the Y= Editor. Unlike the Y= Editor, Graph lets 
you specify an expression in terms of any independent variable, 
regardless of the current graphing mode. 


If the expression is in 
terms of: 


Use the Graph command 
as shown in this example: 


The native 


h 1.25x* 
independent variable lal senna 


For function graphing, al 
x is the native variable. 


A non-native 
independent variable 


graph 1.25a*cos(a),a 


Specify the independent 4 
variable; otherwise, you 
may get an error. 


Graph does not work with sequence graphs or differential equations. 
For parametric, polar, and 3D graphs, use the following variations. 


In PARAMETRIC graphing mode: 
In POLAR graphing mode: 
In 3D graphing mode: 


Graph wExpr, yExpr, t 
Graph expr, 6 
Graph expr, x, y 


Graph does not copy the expression to the Y= Editor. Instead, it 
temporarily suspends any functions selected on the Y= Editor. You 
can trace, zoom, or show and edit Graph expressions on the Table 
screen, just the same as Y= Editor functions. 


Each time you execute Graph, the new expression is added to the 
existing ones. To clear the graphs: 


¢ Execute the ClrGraph command (available from the Home 
screen’s [F4] Other toolbar menu). 
—or— 

¢ Display the Y= Editor. The next time you display the Graph 
screen, it will use the functions selected on the Y= Editor. 


You can define a user-defined function in terms of any independent 
variable. For example: 


Defined in terms of “aa”. 
es 


define fl(aa)=1.25aa*cos(aa) 
graph f1(x) 


Ls Refers to the function by using the 


and: native independent variable. 


define fl(aa)=1.25aa*cos(aa) 
f1(x)>y1(x) 
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Graphing a Piecewise Defined Function 


Using the When To define a two-piece function, use the syntax: 


Function when(condition, trueExpression, falseExpression) 


Tip: Graph math results For example, suppose you want to graph a function with two pieces. 


may vary. 
When: Use expression: 
x<0 x 
x20 5 cos(x) 
In the Y= Editor: ns 
vyjol (ex 8 

The function is pretty vin[ 5 cost else 
printed in this form. og 

ode 

= 

Enter the function age 
in this form. yi odswhenexe Ol, “x, Soos Gr... 


Tip: To enter when, type it 


or use the CATALOG. For three or more pieces, you can use nested when functions. 


When: Use expression: 
X<-T 4 sin(x) 
x>-nandx<0O 2x+6 
x20 6 -x2 
In the Y= Editor: =FLOT= 
4-sinkd.x4 “Leg 
vuole 2-x+6,6lse - 
y1= 3 
5 &-x*,else 
yg= 
y= 
gd= 
yiltxsswhentxsG, whentxs -m.. 
where: 


yl(x)=when(x<0,when(x<-2,4*sin(x),2x+6) ,6-x*2) 


i This nested function is in effect when x<0. 


Nested functions quickly become complex and difficult to visualize. 
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Using a Multi- 
Statement, User- 
Defined Function 


Note: For information about 
similarities and differences 
between functions and 
programs, refer to 

Chapter 17. 


Tip: Graph math results 
may vary. 


From the Home 
Screen or a Program 


For three or more pieces, you may want to create a multi-statement, 
user-defined function. 


For example, consider the previous three-piece function. 


When: Use expression: 
X<-T 4 sin(x) 


x>-nmandx<0 2x+6 
x20 6 -x2 


A multi-statement, user-defined function can have many of the 
control and decision-making structures (If, Elself, Return, etc.) used 
in programming. When creating the structure of a function, it may be 
helpful to visualize it first in a block form. 


Func 

If x<-x Then Func and EndFunc 

Return 4*sin(x) eae and) sortthe 
Elself x>=-x and x<0 Then 

Return 2x+6 For information about 
Else the individual 

Return 6-x%2 statements, refer to 
EndIf Appendix A. 
EndFunc 


When entering a multi-statement function on the Y= Editor or Home 
screen, you must enter the entire function on a single line. 


ir Use a colon (:) to separate each statement. 


Func:If x<-a Then:Return 4*sin(x): ... :EndIf:EndFunc 
On the Y= Editor: FLUTE 
ES 

Only “Func” is shown uae 
for a multi-statement g4= 
function. uae 
4e= 
: P= 

Enter a multi-statement —————_._ 9i'ti=FunctlP xe -n Then 


function on one line. Be 
sure to include colons. 


From the Home screen, you can also use the Define command to 
create a multi-statement, user-defined function. Refer to page 204 for 
other information on copying a function from the Home screen to the 
Y= Editor. 


From the Program Editor (Chapter 17), you can create a user-defined 
function. For example, use the Program Editor to create a function 
named f1(xx). In the Y= Editor, set y1(x) = f1(x). 
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Graphing a Family of Curves 


Examples Using the 
Y= Editor 


Tip: Graph math results 
may vary. 


Tip: Enclose list elements in 
braces ((2nd) [1] and (2nd) [}]) 
and separate them with 
commas. 


Note: The commas are 
shown in the entry line but 
not in the function list. 


Example Using the 
Graph Command 


Simultaneous 
Graphs with Lists 


Tip: To set graph formats 
from the Y= Editor, Window 
Editor, or Graph screen, 
press: 
T--89: (+) 0 
TI-92 Plus: 


o 
mn 


When Tracing a 
Family of Curves 


Enter the expression {2,4,6} sin(x) and graph the functions. 


“PLOTS 


yltixjath 4d bresintxy 


Graphs three functions: 
2 sin(x), 4 sin(x), 6 sin(x) 


Enter the expression {2,4,6} sin({1,2,3} x) and graph the functions. 


=FLOTS 
Yyl3t2 4 Gi-sinttl 2 Fb 
2s 


eee 
yitwj=t2, 4, b34¢sine fl, 2, Sh. 


Graphs three functions: 
2 sin(x), 4 sin(2x), 6 sin(3x) 


Similarly, you can use the Graph command from the Home screen or 
a program as described on page 205. 


graph {2,4,6}sin(x) 
graph {2,4,6}sin({1,2,3}x) 


When the graph format is set for Graph Order = SIMUL, the functions 
are graphed in groups according to the element number in the list. 


For these example functions, the 
TI-89 / TI-92 Plus graphs three groups. 


“=FLOTS 


“ul=f2 4 63-sints) 
vyuz={1 2 Si-xt+4 
Yys=cost») e 


2 sin(x), X+4, Cos(x) 
© 4sin(x), 2x+4 
* 6 sin(x), 3x+4 


The functions within each group are graphed simultaneously, but the 
groups are graphed sequentially. 


Pressing © or © moves the trace cursor to the next or previous 
curve in the same family before moving to the next or previous 
selected function. 
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Using the Two-Graph Mode 


Setting the Mode 


1. Press 


2. Set the following 
required modes. 


¢ Split Screen = 
TOP-BOTTOM or 
LEFT-RIGHT 


¢ Number of 


MODE]. Then press [F2 


Several mode settings affect the two-graph mode, but only two 
settings are required. Both are on Page 2 of the MODE dialog box. 


to display Page 2. 


MODE 


Fi Fe FE 
Fade ijFaae 2|Fade = 


EnteresAve 


. LEFT-RIGHT 3 
. Hering + 


ESC=CAMCEL 


Graphs = 2 


3. Optionally, you can set the following modes. 


Pagel: ° 
Page2: 
4. Press [ENTER 


The Two-Graph 
Screen 


Graph 1: 
left or top 
side 


Thick border 


indicates 
active graph 
side 


Graph = Graph mode for top or left side of the split 


Split 1 App = application for top or left side 


Split 2 App = application for bottom or right side 


Graph 2 = Graph mode for bottom or right side 


Split Screen Ratio = relative sizes of the two sides 


(TI-92 Plus only) 


to close the dialog box. 


A two-graph screen is similar to a regular split screen. 


Fer [Fe FY FE~ | For [Fexfe i: 
Zoor| Trace eGrarh| Math) fr au P eno 


Graph 2: 
right or 
bottom side 


L Graph mode of active graph 


Active graph side: 
GR#1 or GR#2 


Chapter 12: Additional Graphing Topics 


209 


Independent Graph- 
Related Features 


Note: The Y= Editor is 
completely independent 
only when the two sides use 
different graphing modes 
(as described below). 


The Y= Editor in 
Two-Graph Mode 


Note: If you make a change 
on the active Y= Editor 
(redefine a function, change 
a Style, etc.), that change is 
not reflected on the inactive 
side until you switch to it. 


Both Graph 1 and Graph 2 have independent: 


Graph modes (FUNCTION, POLAR, etc.). Other modes such as 
Angle, Display Digits, etc., are shared and affect both graphs. 


Window Editor variables. 


Table setup parameters and Table screens. 


Graph formats such as Coordinates, Axes, etc. 


Graph screens. 


Y= Editors. However, both graphs share common function and 


stat plot definitions. 


Independent graph-related applications (Y= Editor, Graph screen, 
etc.) can be displayed on both sides of the screen at the same time. 


Non-graph-related applications (Home screen, Data/Matrix Editor, 
etc.) are shared and can be displayed on only one side at a time. 


Even in two-graph mode, there is actually only one Y= Editor, which 
maintains a single function list for each Graph mode setting. 
However, if both sides use the same graphing mode, each side can 
select different functions from that single list. 


When both sides use 
different graphing modes, 
each side shows a 
different function list. 


When both sides use 

the same graphing mode, 
each side shows the 
same function list. 


— You can use [F4] to 
select different 
functions and stat 
plots (indicated by V) 
for each side. 


— Ifyou set a display 
style for a function, 
that style is used by 
both sides. 
(TI-89: [2nd] [Fé] 
TI-92 Plus: [F6]) 
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Wi ex=1, 2ockcos tx 
MalM RAD AUTO Gi FUME 


Wi tx3=1, 2oockcos tx 


MAIM RAD AUTO Gi FUME 


Suppose Graph 1 and Graph 2 are 
set for function graphing. Although 
both sides show the same function 
list, you can select (“) different 
functions for graphing. 


Using a Split Screen 


Note: You can display non- 
graph-related applications 
(such as the Home screen) 
on only one side at a time. 


Remember that the 


Two Sides Are 
Independent 


From the Home 


Screen or a Program 


For more complete information about split screens, refer to 


Chapter 14. 


* To switch from one graph side to the other, press (2nd) [EE] 


(second function of [APPS]). 


¢ To display different applications: 


— Switch to the applicable graph side and display the application 


as you normally would. 
—or— 


— Use [MODE] to change Split 1 App and/or Split 2 App. 


¢ To exit two-graph mode: 


— Use [MODE] to set Number of Graphs = 1, or exit the split screen 


by setting Split Screen = FULL. 
—or— 


— Press [2nd] [QUIT] twice. This always exits a split screen and 


returns to a full-sized Home screen. 


In two-graph mode, the two sides may appear to be related when, in 


fact, they are not. For example: 


Fer [Fe FY FE~ | Fo [Fr- 
Zoor| Trace eGrarh|Math| br aw) PF en] 


For Graph 1, —— 
the Y= Editor 

lists y(x) 
functions. 


For Graph 2, 
the polar 
graph uses 
r(8) 
equations 
that are not 
shown. 


After the two-graph mode is set up, graph-related operations refer to 


the active graph side. For example: 


10>xmax 


affects either Graph 1 or Graph 2, depending on which is active when 


you execute the command. 


To switch the active sides, press (2nd) [-E]] or use the switch function, 


switch(1) or switch(2). 
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Drawing a Function or Inverse on a Graph 


Drawing a Function, 
Parametric, or Polar 
Equation 


To display the Home screen 
and put DrawFunc in the 
entry line, press: 

TI-89: (2nd) [Fé] 2 

TI-92 Plus: [Fé] 2 


Tip: To clear the drawn 
function, press {F4 


—or— 
TI-89: (2nd) [Fé] and select 
1:ClrDraw. 
TI-92 Plus: (Fé) and select 
1:ClrDraw. 


Drawing the Inverse 
of a Function 


To display the Home screen 
and put Drawinv in the 
entry line, press: 

TI-89: (2nd [Fe] 3 

TI-92 Plus: (Fé) 3 


Execute DrawFunc, DrawParm, or DrawPol from the Home screen or 
a program. You cannot draw a function or equation interactively 
from the Graph screen. 


DrawFunc expression 
DrawParm expression1, expression2 [,tmin] [,tmaa] [,tstep] 
DrawPol expression [,A@min] [,Omaa] [, Astep] 


For example: 


1. Define y1(x)=.1x3-2x+6 on the 
Y= Editor, and graph the 
function. 


2. On the Graph screen, press: 
TI-89: (2nd) [Fé] 
TI-92 Plus: [F6 
and select 2:DrawFunc. 


3. On the Home screen, specify 
the function to draw. 


DrawFunc yl1(x)-6 


4. Press [ENTER] to draw the 
function on the Graph 
screen. 


You cannot trace, zoom, or 
perform a math operation on 
a drawn function. 


Execute Drawinv from the Home screen or a program. You cannot 

draw an inverse function interactively from the Graph screen. 
Drawinv expression 

For example, use the graph of y1(x)=.1x3-2x+6 as shown above. 

1. On the Graph screen, press: 
TI-89: [2nd] [Fé] 
TI-92 Plus: [F6 
and select 3:Drawinv. 


2. Onthe Home screen, specify 
the inverse function. 


DrawInv yl(x) 


3. Press [ENTER]. 


The inverse is plotted as 
(y,x) instead of (x,y). 
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Drawing a Line, Circle, or Text Label on a Graph 


Clearing All 
Drawings 


Tip: You can also enter 
ClirDraw on the Home 
screen's entry line. 


Drawing a Point or a 
Freehand Line 


Tip: When drawing a 
freehand line, you can move 
the cursor diagonally. 


Note: If you start drawing 
on a white pixel, the pencil 
draws a black point or line. 
If you start on a black pixel, 
the pencil draws a white 
point or line (which can act 
as an eraser). 


A drawn object is not part of the graph itself. It is drawn “on top of” 
the graph and remains on the screen until you clear it. 


From the Graph screen: 


*  TI-89: (2nd) [Fé] 


TI-92 Plus: [F6 
and select 1:ClrDraw. 
—or— 


e Press [F4] to regraph. 


You can also do anything that causes the Smart Graph feature to 
redraw the graph (such as change the Window variables or deselect 


a function on the Y= Editor). 


From the Graph screen: 


1. TI-89: (2nd) [F7] 
TI-92 Plus: [F7 
and select 1:Pencil. 


2. Move the cursor to the 
applicable location. 


To draw a: Do this: 
Point (pixel-sized) Press [ENTER]. 
Freehand line 


‘Circle 
ri 


'Horizontal 
Wertical 


PSave Picture 


TI-89: Press and hold [t], and move the 


cursor to draw the line. 
TI-92 Plus: Press and hold [&], and move 
the cursor to draw the line. 


To quit drawing the line, release [+] or (J. 


After drawing the point or line, 
you are still in “pencil” mode. 


* To continue drawing, move 
the cursor to another point. 


* To quit, press [ESC]. 


a4 
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Erasing Individual 
Parts of a Drawing 
Object 


Note: These techniques 
also erase parts of graphed 
functions. 


Drawing a Line 
Between Two Points 


Tip: Use (2nd) to move the 
cursor in larger increments; 
2nd) ©, etc. 


Drawing a Circle 


Tip: Use (2nd) to move the 
cursor in larger increments; 
2nd) ©, etc. 


From the Graph screen: 


1. TI-89: (2nd) [F7] 
TI-92 Plus: [F7 
and select 2:Eraser. The cursor is shown as a small box. 


2. Move the cursor to the applicable location. 


Do this: 
Press [ENTER]. 


To erase: 


Area under the box 


Along a freehand line TI-89: Press and hold [4], and move the 
cursor to erase the line. 
TI-92 Plus: Press and hold [&], and move 
the cursor to erase the line. 


To quit, release [t] or [Q]. 


After erasing, you are still in 


¢ To continue erasing, move 
the box cursor to another 
location. 


“eraser” mode. an aN 


¢ To quit, press [ESC]. 


From the Graph screen: 


1. TI-89: (2nd) [F7] 
TI-92 Plus: [F7 
and select 3:Line. 


2. Move the cursor to the 1st point, and press [ENTER]. 


3. Move to the 2nd point, and press [ENTER]. (As you move, a line 
extends from the Ist point to the cursor.) 


After drawing the line, you are 
still in “line” mode. 


¢ To continue drawing another 
line, move the cursor to a 
new Ist point. 


¢ To quit, press [ESC]. 


From the Graph screen: 


1. TI-89: (2nd) [F7] 
TI-92 Plus: [F7 
and select 4:Circle. 


2. Move the cursor to the center 
of the circle, and press 


ENTER}. 


3. Move the cursor to set the 
radius, and press [ENTER]. 
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Drawing a 
Horizontal or 
Vertical Line 


Tip: Use (2nd) to move the 
cursor in larger increments; 
2nd) @, etc. 


Drawing a Tangent 
Line 


Tip: To set the tangent 
point, you can also type its x 
value and press (ENTER). 


Drawing a Line 
Based on a Point 
and a Slope 


From the Graph screen: 


1. TI-89: (2nd) [F7] 
TI-92 Plus: [F7 
and select 5:Horizontal or 6:Vertical. A horizontal or vertical line 
and a flashing cursor are displayed on the screen. 


If the line is initially displayed on an axis, it may be difficult to 
see. However, you can easily see the flashing cursor. 


2. Use the cursor pad to move the line to the appropriate position. 
Then press [ENTER]. 


After drawing the line, you are 4 
still in “line” mode. / 
¢ To continue, move the cursor Sf 
to another location. vera uct 7. Ba474 


¢ To quit, press [ESC]. 


To draw a tangent line, use the [F5) Math toolbar menu. From the 
Graph screen: 


1. Press [F5] and select A:Tangent. 


2. As necessary, use © and © to select the applicable function. 


3. Move the cursor to the 
tangent point, and press 
ENTER]. 


The tangent line is drawn, 


: Soca as = BT Sd Sd 2d, 8588! 
and its equation is displayed. ? ike 


To draw a line through a specified point with a specified slope, 
execute the DrawSlp command from the Home screen or a program. 
Use the syntax: 


DrawSlIp x, y, slope 


You can also access DrawSlp from the Graph screen. 


1. TI-89: (2nd) [Fe] 
TI-92 Plus: [F6 
and select 6:DrawSlp. This switches to the Home screen and puts 
DrawSlip in the entry line. 


2s ee and DrawSlp 4,0,6.37 


press 


The TI-89 / TI-92 Plus 
automatically switches to the 
Graph screen and draws the 
line. 
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Typing Text Labels 


Tip: The text cursor 
indicates the upper-left 
corner of the next character 
you type. 


From the Home 
Screen or a Program 


From the Graph screen: 


1. TI-89: (2nd) [F7] 
TI-92 Plus: [F7 
and select 7:Text. 


2. Move the text cursor to the location where you want to begin 
typing. 
3. Type the text label. 


After typing the text, you are 


ree. i. yitxoel. 
still in “text” mode. 


¢ To continue, move the cursor 
to another location. 


¢ To quit, press [ENTER] or [ESC]. 


Commands are available for drawing any of the objects described in 
this section. There are also commands (such as PxlOn, PxiLine, etc.) 
that let you draw objects by specifying exact pixel locations on the 
screen. 


For a list of the available drawing commands, refer to “Drawing on 
the Graph Screen” in Chapter 17. 
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Saving and Opening a Picture of a Graph 


Saving a Picture of 
the Whole Graph 
Screen 


Saving a Portion of 
the Graph Screen 


Note: You cannot save a 
portion of a 3D graph. 


Tip: Use © and © to move 
the top or bottom, and use 
@® and© to move the sides. 


A picture includes any plotted functions, axes, tick marks, and drawn 


objects. The picture does not include lower and upper bound 
indicators, prompts, or cursor coordinates. 


Display the Graph screen as you 
want to save it. Then: 


1. 


Press [F1] and select 
2:Save Copy As. 


Specify the type (Picture), 
folder, and a unique variable 
name. 


Press [ENTER]. After typing in an 
input box such as Variable, you 
must press [ENTER] twice. 


SAVE COPY AS 


Tyre: Ficturé + 


Folder: | miain+ 


variate: [OT] 
EnteresAve ESCSCANCEL 


Important: By default, Type = GDB — 


(for graph database). You must set 


Type = Picture. 


You can define a rectangular box that encloses only the portion of 
the Graph screen that you want to save. 


1. 


TI-89: (2nd) [F7] 
TI-92 Plus: [F7 
and select 8:Save Picture. 


A box is shown around the 
outer edge of the screen. 


Set the 1st corner of the box 
by moving its top and left 
sides. Then press [ENTER]. 


Set the 2nd corner by moving 
the bottom and right sides. 
Then press [ENTER]. 


Specify the folder and a 
unique variable name. 


Press [ENTER]. After typing in an 
input box such as Variable, you 
must press [ENTER] twice. 
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SAVE COPY AS 


Tepe: Pickus 
Folder: maine 
Variable: 


Enter SSAVe 


ESCECAMCEL 


Note: When saving a portion of a 
graph, Type is automatically fixed 
as Picture. 
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Opening a Graph 
Picture 


Note: If a variable name is 
not shown on the dialog 
box, there are no graph 
pictures in the folder. 


For Pictures Saved 
from a Portion of 
the Graph Screen 


Deleting a Graph 
Picture 


From a Program or 
the Home Screen 


When you open a graph picture, it is superimposed over the current 
Graph screen. To display only the picture, use the Y= Editor to 
deselect any other functions before opening the graph picture. 


From the Graph screen: 


1. Press [Fi] and select 1:Open. 


2. Select the type (Picture), OPEN 
- TYRE Ficture + 
folder, and variable that fice aes 
contain the graph picture you Variable: Ried + 


want to open. 


ESCECAMCEL 


Important: By default, Type = GDB 
(for graph database). Be sure to set 
Type = Picture. 


3. Press [ENTER]. 


A graph picture is a drawing object. You cannot trace any curve ona 
picture. 


When you press [F1] and select 1:Open, the picture is superimposed 
starting at the upper-left corner of the Graph screen. If the picture 
was saved from a portion of the Graph screen (page 217), it may 
appear shifted from the underlying graph. 


To specify which screen pixel to use as the upper-left corner, you 
can use the commands listed in “From a Program or the Home 
Screen” below. 


Unwanted Picture variables take up calculator memory. To delete a 
variable, use the VAR-LINK screen ((2nd] [VAR-LINK]) as described in 
Chapter 21. 


To save (store) and open (recall) a graph picture, use the StoPic, 
RclPic, AndPic, XorPic, and RplcPic commands as described in 
Appendix A. 


To display a series of graph pictures as an animation, use the 
CyclePic command. For an example, refer to page 219. 
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Animating a Series of Graph Pictures 


CyclePic 


Example 


Command 


Comments start with @. 


Press: 
TI-89: &) 6 


TI-92 Plus: 


2nd) X 


TI-89: (+) (Q [alpha] F 


TI-92 Plus: 


For #, press 
TI-92 Plus: 
and select it 


For &, press: 


TI-89: [+] [x 


TI-89: [CATALOG 


2nd][CATALOG] 
from the list. 


TI-92 Plus: 


2nd) H 


Note: Due to its complexity, 


this program takes several 
minutes to run. 


Before using CyclePic, you must have a series of graph pictures that 
have the same base name and are sequentially numbered starting 
with 1 (such as pict, pic2, pic3, . . . ). 


To cycle the pictures, use the syntax: 


CyclePic picNameString, n [,wait] [,cycles] [direction] 


L4 = forward/circular cycle 
-1= forward/backward 
# of times to repeat cycle 


seconds between pictures 
# of pictures to cycle 
base name of pictures in quotes, such as "pic" 


This example program (named cyc) generates 10 views of a 3D 
graph, with each view rotated 10° further around the Z axis. For 
information about each command, refer to Appendix A. For 
information about using the Program Editor, refer to Chapter 17. 


Program Listing Every Other Graph from Program 


:cyc() 

:Prgm 

:local i 

:@Set mode and Window variables 
:setMode(“graph”,”3d”) 

:70> eyed 

:710>xmin 

:10>xmax 

:14>xgrid 

:710>ymin 

:10>ymax 

:14>ygrid 

:710>zmin 

:10>zmax 

:1>zscl 

:@Define the function 

2 (X43% y— y*3* xX) /390>Z1 (x,y) 
:@Generate pics and rotate 
:For i1,1,10,1 


i*10>eyed 
: DispG 
: StoPic #("pic" & string(i)) rH 
:EndFor Nese = aay 
:@Display animation » NCEE “yl 
:CyclePic "pic",10,.5,5,-1 
:EndPrgm 


After entering this program on the Program Editor, go to the Home 
screen and enter cyc(). 
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Saving and Opening a Graph Database 


Elements in a Graph 
Database 


Note: In two-graph mode, 
the elements for both 
graphs are saved in a single 
database. 


Saving the Current 
Graph Database 


Opening a Graph 
Database 


Deleting a Graph 
Database 


From a Program or 
the Home Screen 
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A graph database consists of: 


¢ Mode settings 


MODE)) for Graph, Angle, Complex Format, and 


Split Screen (only if you are using the two-graph mode). 


¢ All functions in the Y= Editor ([+ 


[y-]), including display styles and 


which functions are selected. 


¢ Table parameters ([+ 
graph formats (Fi 


9 — or — TI89: [+] 0 


[ThiSet]), Window variables ((¢] [winDow]), and 


TI-92 Plus: | ¢ 


F.) 


A graph database does not include drawn objects or stat plots. 


From the Y= Editor, Window Editor, Table screen, or Graph screen: 


1. Press [Fi] and select 
2:Save Copy As. 


2. Specify the folder anda 


unique variable name. 


3. Press 


ENTER]. After typing in an 


SAVE COPY AS 


Tere: GDE 
Folder: 9 midin+ 


variate: [OT] 
EnteresAve ESCSCANCEL 


Note: If you start from the Graph —J 
screen, be sure to use Type=GDB. 


input box such as Variable, you 


ENTER 


must press 


twice. 


Caution: When you open a graph database, all information in the 
current database is replaced. You may want to store the current 
graph database before opening a stored database. 


From the Y= Editor, Window Editor, Table screen, or Graph screen: 


1. Press [F1 


2. Select the folder and variable 
that contain the graph 
database you want to open. 


ENTER}. 


3. Press 


and select 1:Open. 


f OFEN y 


Tere: GDE 
Folder: mains 
Variable: Jrafdbi + 


Enter =k 


ESCECAMCEL 


Note: If you start from the Graph —— 
screen, be sure to use Type=GDB. 


Unused GDB variables take up calculator memory. To delete them, 


use the VAR-LINK screen 


2nd 


[VAR-LINK]) described in Chapter 21. 


You can save (store) and open (recall) a graph database by using the 
StoGDB and RcIGDB commands as described in Appendix A. 
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Tables 


Note: Tables are not 
available in 3D Graph mode. 


Preview of Tables wf 222 
Overview of Steps in Generating a Table 1223 
Setting Up the Table Parameters .......... 1/224 
Displaying an Automatic Table . 226 
Building a Manual (Ask) Table 229 


Previously, in Chapter 6: Basic Function Graphing, you learned 
how to define and graph a function. 


By using a table, you can display a defined function in a tabular 
form. 


Y= Editor shows an 
algebraic representation. 


ad Ox oe 
MAIN, RAD AUTO 


RAG AUTO FUNC 


Table screen shows a Graph screen shows a 
numeric representation. graphic representation. 


The table lists a series of values for the independent variable and 
shows the corresponding value of the dependent variable. 


Independent variable 


y(x) = x3 -2x 


Dependent variable 
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Preview of Tables 


Steps Display 
: H ie MODE : 
i i MODE MODE 
1. Display the MODE dialog box. PFE pth apis 


For the Graph mode, select 
FUNCTION. 


2. Display and clear the Y= Editor. [+] [Y=] :(e] [y= : 
Then define y1(x) = x? - 2x. (Fi) 8 (ENTER :(Fi] 8 (ENTER i] Fears 5 
(ENTER (ENTER ic a 
XE3G2X  EXE3E2xX oe 
ENTER (ENTER } o6= 
: ijgeeud= — 
: : : MAIN, RAD AUTO FUNC 
3. Set the table parameters to: :[+] [Tolset [+] [Toiset] : TABLE SETUP 
tblStart = - 10 i] 10 {10 1 
Atbl = 1 HO) 1 iC 1 : _— <0} Table: cae 
Graph <-> Table = OFF HOT) 1 HO) Oo 1 : Independent: AUTOS 
Independent = AUTO :©@ 1 EMER} 9:QO1EVE) : 
4, Display the Table screen. +} [TABLE (+) [TABLE] 


5. Scroll through the table. Notice HO) and © Ee) and © 


that y1 changes sign at x= ~1,1, jasnecessary fas necessary 
and 2. : : 


To scroll one page at a time, use 
2nd} © and [2nd] ©. 


6. Zoom in on the sign change i F2 i F2 
betweenx=-2andx=-1by (2 (2 
changing the table parameters :©.1 i. 1 
to: i ENTER] [ENTER i ENTER) (ENTER 
tblStart = -2 i : 

Atbl = .1 
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Overview of Steps in Generating a Table 


Generating a Table 


Note: Tables are not 
available in 3D Graph mode. 


Tip: For information on 
defining and selecting 
functions with the 

Y= Editor, refer to 
Chapter 6. 


Tip: You can specify: 
e An automatic table 
— Based on initial values. 
— That matches a graph. 
e A manual (ask) table. 


Exploring the Table 


f MODE y 


Fi FE Fz 
Fade ijPage z|Fade ¢ 


Set Graph mode and, 
if necessary, 


+ 


Angle mode ((MODE]). 


Enter=sAve ESc=CANCEL 


Define functions on 
Y= Editor ((+) [y=]). 


Select ((F4]) which 
defined functions to 


display in the table. ai Caan a 
MAIN RAG AUTO FUME 


TAELE SETUF 


tbistart: fo 
eat: LT 


Grarh <-> Table: OFF + 


Set up the initial 
table parameters 


( ry [Tbiset]). Inderendent: AUTOS 


Enter=SAve ESCECAMCEL 


Display the table 
(C+) [TaBLe]). 


a. 
MAIN RAG AUTO FUME 


From the Table screen, you can: 
¢ Scroll through the table to see values on other pages. 
¢ Highlight a cell to see its full value. 


* Change the table’s setup parameters. By changing the starting or 
incremental value used for the independent variable, you can 
zoom in or out on the table to see different levels of detail. 


e Change the cell width. 
¢ Edit selected functions. 


¢ Build or edit a manual table to show only specified values of the 
independent variable. 
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Setting Up the Table Parameters 


Displaying the To display the TABLE SETUP dialog box, press [+] [TbiSet]. From the 
TABLE SETUP Table screen, you can also press [F2]. 
Dialog Box TAELE SETUF 


thistart: 


thd: 


Graph <-> Table: OFF > 
Inderendent: AUTO + 


Enter =SAVE ESCECAMCEL 


Setup Parameter Description 


Note: The table initially tblStart If Independent = AUTO and Graph < - > Table = OFF, 
starts at tbiStart, but you’ this specifies the starting value for the independent 
can use © to scroll to prior variable. 
values. 

Atbl If Independent = AUTO and Graph < - > Table = OFF, 


this specifies the incremental value for the 
independent variable. Atbl can be positive or 
negative, but not zero. 


Graph<->Table If Independent = AUTO: 


OFF — The table is based on the values you enter 
for tblStart and Atbl. 


ON — The table is based on the same independent 
variable values that are used to graph the functions 
on the Graph screen. These values depend on the 
Window variables set in the Window Editor 
(Chapter 6) and the split screen size (Chapter 14). 


Independent AUTO — The TI-89 / TI-92 Plus automatically 
generates a series of values for the independent 
variable based on tblStart, Atbl, and Graph < - 

> Table. 


ASK — Lets you build a table manually by entering 
specific values for the independent variable. 
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Which Setup 
Parameters to Use 


Changing the 
Setup Parameters 


Tip: To cancel a menu or 

exit the dialog box without 
saving any changes, press 
ESC] instead of (ENTER). 


From the Home 
Screen or a Program 


To generate: tbIStart Atbl Graph<->Table Independent 
An automatic table 
¢ Based on value value OFF AUTO 
initial values 
¢ That matches — —_— ON AUTO 


Graph screen 


A manual table — — — ASK 


“—” means that any value entered for this parameter is ignored for 
the indicated type of table. 


In SEQUENCE graphing mode (Chapter 9), use integers for tblStart 
and Atbl. 


From the TABLE SETUP dialog box: 
1. Use © and © to highlight the value or setting to change. 
2. Specify the new value or setting. 


To change: Do this: 

tblStart Type the new value. The existing value is 
or erased when you start to type. 

Atbl — or — 


Press © or ® to remove the highlighting. 
Then edit the existing value. 


Graph < - > Table Press © or ® to display a menu of valid 
or settings. Then either: 
Independent 


¢« Move the cursor to highlight the 
setting and press [ENTER]. 
—or— 

¢ Press the number for that setting. 


3. After changing all applicable values or settings, press [ENTER] to 
save your changes and close the dialog box. 


You can set up a table’s parameters from the Home screen or a 
program. You can: 


e Store values directly to the system variables tblStart and Atbl. 
Refer to “Storing and Recalling Variable Values” in Chapter 2. 


« Set Graph < - > Table and Independent by using the setTable 
function. Refer to Appendix A. 
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Displaying an Automatic Table 


Before You Begin Define and select the applicable functions on the Y= Editor 
This example uses y1(x) = x3 - x/3. 


2 
= 
= 
a, 
Y 


Then enter the initial table TABLE SETUP 
parameters ({+] [Toiset]). tbistart: : 


eathT: 


Graph <-> Table: OFF + 
Independent: AUTO + 


Displaying the To display the Table screen, press [+] [TABLE] or [APPS] 5. 


Table Screen The cursor initially highlights the cell that contains the starting value 


of the independent variable. You can move the cursor to any cell that 
contains a value. 


values of the values of the functions selected in 
independent the Y= Editor. 


First column shows ] C Other columns show corresponding 
variable. 


Tip: You can scroll back Header row shows = — 
from the starting value by names of independent 


‘ ond) ©). variable (x) and 
pressing © or\2nd) © selected functions 


(y1). 


: a 
Entry line shows —— |yitx:=, 666666666e6667 
MaAIM 


RAG AUTO FUME 


full value of 
highlighted cell. 


To move the cursor: Press: 
One cell at a time ©, ©, Y, or © 
One page at a time 2nd) and then ©, ©, ®, or © 


The header row and the first column are fixed so that they cannot 
scroll off the screen. 


¢ When you scroll down or up, the variable and function names are 
always visible across the top of the screen. 


¢ When you scroll right or left, the values of the independent 
variable are always visible along the left side of the screen. 
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Changing the 
Cell Width 


Note: By default, the cell 
width is 6. 


How Numbers Are 
Displayed in a Cell 


Note: If a function is 
undefined at a particular 
value, undef is displayed in 
the cell. 


Tip: Use (MODE) to set the 
display modes. 


Tip: To see a number in full 
precision, highlight the cell 
and look at the entry line. 


If Results are 
Complex Numbers 


Cell width determines the maximum number of digits and symbols 
(decimal point, minus sign, and “E ” for scientific notation) that can 
be displayed in a cell. All cells in the table have the same width. 


FORMATS 


To change the cell width from the 


Table screen: Cell Width: ae 


1. Press [Fi] 9 
ee 
TL-89: (+) 
TI-92 Plus: [+] F. 


2. Press ® or @ to display a menu 
of valid widths (3 - 12). 

3. Move the cursor to highlight a number and press [ENTER]. (For 
single-digit numbers, you can type the number and press [ENTER]. ) 


4. Press [ENTER] to close the dialog box and update the table. 


Whenever possible, a number is shown according to the currently 
selected display modes (Display Digits, Exponential Format, etc.). The 
number may be rounded as necessary. However: 


¢ Ifanumber’s magnitude is too large for the current cell width, the 
number is rounded and shown in scientific notation. 


¢ Ifthe cell width is too narrow even for scientific notation, “...” is 
shown. 


By default, Display Digits = FLOAT 6. With this mode setting, a number 
is shown with up to six digits, even if the cell is wide enough to show 
more. Other settings similarly affect a displayed number. 


If cell width is: 
Full Precision 3 6 9 12 
1.2345678901 1.2 1.2346 1.23457 1.23457 
~123456.78 -1.2E5 =~ 123457. - 123457. 
.000005 5.e-6 .000005 000005 
1.2345678e19 1.2619 1.2346£19 1.23457E19 ——— 
~ 1.2345678901 2e - 200 -1.2e-200 ~1.2346e~- 200 


Note: Depending on display mode settings, some values are 
not shown in full precision even when the cell is wide enough. 


A cell shows as much as possible of a complex number (according to 
the current display modes) and then shows “...” at the end of the 
displayed portion. 


When you highlight a cell containing a complex number, the entry 
line shows the real and imaginary parts with a maximum of four 
digits each (FLOAT 4). 
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Editing a Selected From a table, you can change a selected function without having to 
Function use the Y= Editor. 


1. Move the cursor to any cell in the column for that function. The 
table’s header row shows the function names (y1, etc.). 


2. Press [F4] to move the cursor to the entry line, where the function 
is displayed and highlighted. 


Tip: You can use this 3. Make any changes, as necessary. 
feature to view a function 
without leaving the table. ¢ Type the new function. The old function is erased when you 
begin typing. 
—or— 
Tip: To cancel any changes ¢ Press [CLEAR] to clear the old function. Then type the new one. 
and return the cursor to the —or— 


table, press (ESC) instead of 
ENTER]. 


* Press © or ® to remove the highlighting. Then edit the 
function. 


4. Press [ENTER] to save the edited function and update the table. The 
edited function is also saved in the Y= Editor. 


If You Want to After generating an automatic table, you can change its setup 
Change the Setup parameters as necessary. 
Parameters Press [F2] or [+] [TbiSet] to display the TABLE SETUP dialog box. Then 


make your changes as described on pages 224 and 225. 
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Building a Manual (Ask) Table 


Displaying the 
Table Screen 


Entering or Editing 
an Independent 
Variable Value 


Tip: To enter a new value in 
a cell, you do not need to 
press [F3). Simply begin 
typing. 


Note: /n this example, you 
can move the cursor to 
column 2, but you can enter 
values in column 1 only. 


To display the Table screen, press [¢] [TABLE] or [APPS] 5. 


If you set Independent = ASK (with [*] [Thiset] ) before displaying a table 
for the first time, a blank table is displayed. The cursor highlights the 
first cell in the independent variable column. 


Fi-|fe [fe] fr | Fe | Fe 
Header row shows names of Toots|Seturfcel|Header|Del howling Rou 
independent variable (x) and 


selected functions (y1). 


Enter a value here. 


If you first display an automatic table and then change it to 
Independent = ASK, the table continues to show the same values. 
However, you can no longer see additional values by scrolling up or 
down off the screen. 


You can enter a value in column 1 (independent variable) only. 
1. Move the cursor to highlight the cell you want to enter or edit. 


¢ Ifyou start with a blank table, you can enter a value in 
consecutive cells only (row 1, row 2, etc.). You cannot skip 
cells (row 1, row 3). 


¢ Ifacellin column 1 contains a value, you can edit that value. 


2. Press [F3] to move the cursor to the entry line. 


3. Type anew value or expression, or edit the existing value. 


4. Press [ENTER] to move the value to the table and update the 
corresponding function values. 


The cursor returns to the entered cell. You can use © to move to the 
next row. 


Enter values in any 
numerical order. 


Enter a new value here. 


Shows full value of yi tj =10640, 666660667 
highlighted cell. MAIN RADAUTO FUNG 
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Entering a List in 
the Independent 
Variable Column 


Note: If the independent 
variable column contains 
existing values, they are 
shown as a list (which you 
can edit). 


Adding, Deleting, 
or Clearing 


Cell Width and 
Display Formats 


From the Home 
Screen or a Program 
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1. Move the cursor to highlight any cell in the independent variable 
column. 


2. Press [F4] to move the cursor to the entry line. 


3. Type a series of values, enclosed in braces { } and separated by 
commas. For example: 


x={1,1.5,1.75,2} 


You can also enter a list variable or an expression that evaluates 
to a list. 


4. Press [ENTER] to move the values into the independent variable 
column. The table is updated to show the corresponding function 
values. 


To: Do this: 


Insert a new row Highlight a cell in the specified row and 
above aspecified row __ press: 
TI-89: [2nd] [Fé] 
TI-92 Plus: [F6] 
The new row is undefined (undef) until you 
enter a value for the independent variable. 


Delete a row Highlight a cell in the row and press [F5]. 
If you highlight a cell in the independent 
variable column, you can also press [+]. 


Clear the entire table Press [Fi] 8. When prompted for 
(but not the selected confirmation, press [ENTER]. 
Y= functions) 


Several factors affect how numbers are displayed in a table. Refer to 
“Changing the Cell Width” and “How Numbers Are Displayed in a 
Cell” on page 227. 


System variable tblInput contains a list of all independent variable 
values entered in the table, even those not currently displayed. 
tblInput is also used for an automatic table, but it contains only the 
independent variable values that are currently displayed. 


Before displaying a table, you can store a list of values directly to the 
tblInput system variable. 


Split Screens 


Preview of Split Screens 
Setting and Exiting the Split Screen Mode 
Selecting the Active Application 


On the TI-89 / TI-92 Plus, you can split the screen to show two 
applications at the same time. 


yi tne, Sx S-2exX +6 
MAIN ND RAD AUTO FUN 


For example, it may be helpful to show both the Y= Editor and 
the Graph screen so that you can see the list of functions and how 
they are graphed. 
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Preview of Split Screens 


Steps Display 


1. Display the MODE dialog box. __:[MODE 
For Graph, select FUNCTION. : 
For Split Screen, select 
LEFT-RIGHT. : : 
For Split 1 App, select Y= Editor. :@@4(ENTER] :© © 4(ENIER 
For Split 2 App, select Graph. : : 


ENTER 


2. Clear the Y= Editor and turn off :[F) 8(ENTER} ~—#(F718 
any stat data plots. Then define : Fo] 5 : F5] 5 
y1 (x) = .1x%-2x+6. (ENTER iENTE 
A thick border around the Y= Editor : 
indicates it is active. When active, its : 
entry line goes all the way across the : 
display. F F 

3. Select the ZoomStd viewing :([F2] 6 i(F2) 6 
window, which switches tothe : 
Graph screen and graphs the 
function. 


ms 
a 
Mm 
Ee 
= 
m 
Es) 
+ 

a 
fia] 

ES 


ER 


The thick border is now around the 
Graph screen. 


4. Switch to the Y= Editor.Then  : 

edit y1(x) to change .1x° to .5x3. iS 

2nd] [FEI] is the second function of iOOOE IOOOE 
— 


APPS]. 

The thick border is around the 

Y= Editor. i i 

5. Switch to the Graph screen, (2nd [FEI :[2nd [=] 
which regraphs the edited : 
function. 


The thick border is around the Graph i 
screen. i 


6. Switch to the Y= Editor. Then 2nd) [= ind) (E] 
open the Window Editor inits if [winpow] [+ WINDOW] 
place. i i 


7. Openthe Home screen. Then (2nd) [uit] :@nd [out] 
exit to a full-sized Home screen. :{2nd) [Qu'T] :(2nd] (autT] 
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Setting and Exiting the Split Screen Mode 


Setting the Split 1. Press [MODE] to display the MODE dialog box. 


Screen Mode 2. Because the modes related to split screens are listed on the 
second page of the MODE dialog box, either: 


¢ Use © to scroll down. 
—or— 
¢ Press [F2] to display Page 2. 


3. Set the Split Screen mode to either of the following settings. For 
the procedure used to change a mode setting, refer to Chapter 2. 


Split Screen Settings 
TOP-BOTTOM 


LEFT-RIGHT 


MODE 
rade i rade z rae Es 
+ Bin scras ToP-egTTOM + When you set Split Screen = 
45 Editor & TOP-BOTTOM or LEFT-RIGHT, 
Bee? previously dimmed modes 
o> such as Split 2 App become 


‘Emm | active. 

Setting the Initial Before pressing [ENTER] to close the ear 
Applications MODE dialog box, you can use the tiindew: Edi tor 

Split 1 App and Split 2 App modes to ieee natrix Editor 

< A Program Editor 

select the applications you want to Text Editor 

use. 

Mode Specifies the application in the: 

Split 1 App Top or left part of the split screen. 

Split 2 App Bottom or right part of the split screen. 
Note: In two-graph mode, If you set Split 1 App and Split 2 App to the same application, the 


described in Chapter 12, the —T]_g9 / TI-92 Plus exits the split screen mode and displays the 


same application can be in ee 
both parts of a split screen. application full screen. 


You can open different applications after the split screen is 
displayed, as described on page 235. 
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Other Modes that 
Affect a Split Screen 


Split Screens and 
Pixel Coordinates 


Tip: For a list of drawing 
commands, refer to 
“Drawing on the Graph 
Screen” in Chapter 17. 


Note: Due to the border 
that indicates the active 
application, split screens 
have a smaller displayable 
area than a full screen. 


Exiting the Split 
Screen Mode 


When You Turn Off 
the TI-89 / TI-92 Plus 
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Mode 
Number of Graphs 


Note: Leave this set to 1 
unless you have read 
the applicable section 

in Chapter 12. 


Description 


Lets you set up and display two 
independent sets of graphs. 


This is an advanced graphing feature as 
described in “Using the Two-Graph Mode” 
in Chapter 12. 


The TI-89 / TI-92 Plus has commands that use pixel coordinates to 
draw lines, circles, etc., on the Graph screen. The following charts 
show how the Split Screen and Split Screen Ratio mode settings affect 
the number of pixels available on the Graph screen. 


TL89: 
Split 1 App Split 2 App 
Split Ratio 4 y x y 
FULL N/A 0-158 0-76 N/A N/A 
TOP-BOTTOM 1:1 0-154 0-34 0-154 0-34 
LEFT-—RIGHT 11 0-76 0-72 0-76 0-72 
TI-92 Plus: 
Split 1 App Split 2 App 
Split Ratio x y x y 
FULL N/A 0-238 0-102 N/A N/A 
TOP-BOTTOM 1:1 0-234 0-46 0-234 0-46 
1:2 0-234 0-26 0-234 0-68 
2:1 0-234 0-68 0-234 0-26 
LEFT-RIGHT 1:1 0-116 0-98 0-116 0-98 
1:2 0O- 76 0-98 0-156 0-98 
2:1 0-156 0-98 0O- 76 0-98 
Method 1: Press [MODE] to display the MODE dialog box. Then set 
Split Screen = FULL. When you press [ENTER] to close the 
dialog box, the full-sized screen shows the application 
specified in Split 1 App. 
Method 2: Press (2nd] [QUIT] twice to display a full-sized Home screen. 


Turning the TI-89 / TI-92 Plus off does not exit the split screen mode. 


If the calculator is turned off: When you turn the calculator on again: 


When you press [2nd] [OFF] 


By the Automatic Power 


The split screen is still in effect, but 
the Home screen is always displayed 
in place of the application that was 


active when you pressed 


2nd] [OFF]. 


The split screen is just as you left it. 


Down™ (APD™) feature, or 
when you press [¢] [OFF]. 
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Selecting the Active Application 


The Active 
Application 


Switching between 
Applications 


Opening a Different 
Application 


Note: Also refer to “Using 
2nd] [Quit] to Display the 
Home Screen” on page 236. 


Note: In two-graph mode, 
described in Chapter 12, the 
same application can be in 
both parts of a split screen. 


¢ The active application is indicated by a thick border. 


¢ The toolbar and status line, which are always the full width of the 


display, are associated with the active application. 


¢ For applications that have an entry line (such as the Home screen 


and Y= Editor), the entry line is the full width of the display only 
when that application is active. 


Fe~ (Fe (FY Fo~ 
Zonrn| Edit] Euba 


Toolbar is for Y= Editor. 


Thick border indicates ——_} 
the Y= Editor is active. 


Entry line is full width when G1 Cx =, eS Deere 
Y= Editor is active. Mal RAG AUTO FUNG 


Press (2nd) [==] (second function of [APPS}) to switch from one 
application to the other. 


ritislescrlreacelpebrarn|esaenorsultenke | Toolbar is for Graph 


screen. 


t— Thick border indicates the 
Graph screen is active. 


+—— Graph screen does not 
have an entry line. 


Method 1: 1. Use [2nd] [EI] to switch to the application you want to 
replace. 


2. Use [APPS] or [*] (such as [¢] [WINDOW]) to select the 
new application. 


If you select an application that is already displayed, the 
TI-89 / TI-92 Plus switches to that application. 


Method 2: 1. Press [MODE] and then [F2]. 


2. Change Split 1 App and/or Split 2 App. 


If you set Split 1 App and Split 2 App to the same 
application, the TI-89 / TI-92 Plus exits the split screen 
mode and displays the application full screen. 
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Using [2nd] [quit] to 
Display the Home 
Screen 


Tip: Pressing (2nd) [quit] twice 
always exits the split screen 
mode. 


When Using a 
Top-Bottom Split 


Note: Both Top-Bottom and 
Left-Right splits use the 
same methods to select an 
application. 
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If the Home screen: Pressing 


Is not already displayed 


2nd 


[quit]: 


Opens the Home screen in place of the 


active application. 


Is displayed, but is not 
the active application 


Is the active application 


Switches to the Home screen and makes 
it the active application. 


Exits the split screen mode and displays 


a full-sized Home screen. 


When you select a TOP-BOTTOM split, remember that the entry line 
and the toolbar are always associated with the active application. 


For example: 


Entry line is for the 
active Y= Editor, not 
the Graph screen. 


Toolbar is for the 
active Graph screen, 
not the Y= Editor. 
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Data/Matrix Editor 


Preview of the Data/Matrix Editor... cccecesceseeeeceeeeeteeeeseeeeeeeeees 238 
Overview of List, Data, and Matrix Variables............c.cccsseseseeteenees 239 
Starting a Data/Matrix Editor Session... eeeseeeeeeeeseeeeeeeeeeeeeeeee 241 
Entering and Viewing Cell Values.................. 243 
Inserting and Deleting a Row, Column, or Cell. . 246 


Defining a Column Header with an Expression.............. 248 
Using Shift and CumSum Functions in a Column Header 
SOrtiMg COMMNS ..isccsciscccccsesisseccsssiasssscssssacsnsbeastensstessanesasesa aaa 
Saving a Copy of a List, Data, or Matrix Variable ......0... eee 252 


The Data/Matrix Editor serves two main purposes. 


¢ This chapter describes how to use the Data/Matrix Editor to 
create and maintain a list, matrix, or data variable. 


rovislrtof Setur|Ecrncater| eaeluea| se] _| 
[ [med [resid | 
od 
is _ 115. 889]-1, 889) 


RAD AUTO 


¢ Chapter 16 describes how to use the Data/Matrix Editor to 
perform statistical calculations and graph statistical plots. 
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Preview of the Data/Matrix Editor 


Steps 


1. Start the Data/Matrix Editor and i 


create a new list variable named 
TEMP. 


Display 


REM 


Type! List+ 
Folder? main? 
Vari 


Enter=Ok ESC=CAHCEL 


2. Enter a column of numbers. i 1 (ENTER 1 ENTER 
Then move the cursor up one :2 (ENTER :2 (ENTER 
cell (just. to see that a :3 (ENTER :3 (EMER 
highlighted cell’s value is shown :4 [ENTER :4 (ENTER 
on the entry line). 75 [ENTER ?5 (ENTER 
LIST is shown in the upper-left corner : 6 (ENTER :6 (ENTER 
to indicate a list variable. i@ i® 
You can use © instead of [ENTER] to? : 
enter information in a cell. : 

3. Move to column 2, and define its 10) 1 
column header so that it is twice iq ipa 
the value of column 1. fom(pnalC1 22) C1 
DATA is shown in the upper-left :(ENTER :(ENTER 
corner to indicate that the list variable i 
was converted to a data variable. 

4. Move to the column 2 header i Ind] © i 2nd) ©) 
cell to show its definition in the i@ He) 
entry line. : : 

When the cursor is on the header coll, i 
you do not need to press [F4) to define } i 
it. Simply begin typing the expressiaih i 

5. Go to the Home screen, and then i HOME i | [HOME] 
return to the current variable. _: [APPS] 6 1 :(APPS] 6 1 

6. Clear the contents of the : : 

8 [ENTER 8 [ENTER 


variable. (F1 


Simply clearing the data does not 
convert the data variable back into a 
list variable. 


LMM Rab AUTO FUNC 


z 
BAD AUTO FUNG 


@ means the cellis ina 
defined column. 


Tip: If you don’t need to save the current variable, use it as a scratchpad. The next time you need 
a variable for temporary data, clear the current variable and re-use it. This lets you enter 
temporary data without creating a new variable each time, which uses up memory. 
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Overview of List, Data, and Matrix Variables 


List Variable 


Note: If you enter more than 
one column of elements in a 
list variable, it is converted 
automatically into a data 
variable. 


Tip: After creating a list in 
the Data/Matrix Editor, you 
can use the list in any 
application (such as the 
Home screen). 


Data Variable 


Note: For stat calculations, 
columns must have the 
same length. 


A list is a series of items (numbers, expressions, or character strings) 
that may or may not be related. Each item is called an element. In the 
Data/Matrix Editor, a list variable: 


¢ Is shown as a single column of ~ _ Column title 
elements, each in a separate cell. — and header 
cells are not 
7 “ . saved as 
Must be continuous; blank or part of the 


empty cells are not allowed 
within the list. 


list. 


* Can have up to 999 elements. 


On the Home screen (or anywhere else you can use a list), you can 
enter a list as a series of elements enclosed in braces { } and 
separated by commas. 


Although you must use 
commas to separate 
elements on the entry 
line, spaces separate the 
elements in the history 
area. 


stbob 10 cos(x) 6 1 Fb 
fbob 10 cos(xi 6 1 ob 


wg LB, cos txI,6, 1, hi+listl 
MAI RAG AUTO FUNG FRET 


To refer to a specified 
element in a list, use the 
format shown to the 
right. 


list1[1] 


= Element number 
(or index number) 


Name of list variable 


A data variable is essentially a collection of lists that may or may not 
be related. In the Data/Matrix Editor, a data variable: 


¢ Can have up to 99 
columns. 


* Can have up to 999 
elements in each 
column. Depending on 
the kind of data, all 
columns may not have 
to be the same length. 


castle/23 


¢ Must have continuous columns; blank or empty cells are not 
allowed within a column. 
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Data Variable 
(Continued) 


Matrix Variable 


Tip: After creating a matrix 
in the Data/Matrix Editor, 
you can use the matrix in 
any application (such as the 
Home screen). 


Note: Use brackets to refer 
to a specific element in a 
matrix. For example, enter 
mat1[2,1] to access the 1st 
element in the 2nd row. 
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From the Home screen 
or a program, you can 
use the NewData 
command to create a 
data variable that 


consists of existing lists. 


Although you cannot 
directly display a data 
variable on the Home 
screen, you can display 
a specified column or 
element. 


For example: 


NewData datal,listl,list2 


[_ Names of existing 
list variables 


Name of data variable 
to create 


Name of data variable 
i Column number 


datal[1] 
(datal[1])(1] 


[_ Element number in the 
column 


Column number 
-—— Displays column 1 of the variable data1. 


— |§ datai[il 
{fred sally jane nicl 
r— |s(datai (iTi[i] fred 
fdatalltiitid 
MAM RAD AUTO FUNC PFT) 


__ Displays element 1 in column 1 
of the variable data1. 


A matrix is a rectangular array of elements. When you create a 
matrix in the Data/Matrix Editor, you must specify the number of 
rows and columns (although you can add or delete rows and 
columns later). In the Data/Matrix Editor, a matrix variable: 


¢ Looks similar to a data variable, 


but all columns must have the 


same length. 


¢ Is initially created with 0 in each 
cell. You can then enter the 


‘— Shows the size of the 


applicable value in place of 0. 


From the Home screen or a 


program, you can use [ST0>] to 


store a matrix with either of the : 
equivalent methods shown to 


the right. 


Although you enter the matrix as 


shown above, it is pretty printed in 
the history area in traditional 


matrix form. 
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matrix. 
row 1 — prow 2 
[1,2,3][4,5,6]]>matl 
1,2,3;4,5,6]>matl 
row1 — en 
12 3 127 
7 45 =] > mata Ee 5 6 
[Li,2,3114,5,61] ]+matt 
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Starting a Data/Matrix Editor Session 


Creating a New 
Data, Matrix, or List 
Variable 


Note: If you do not type a 
variable name, the 

TI-89 / TI-92 Plus will display 
the Home screen. 


. Press [APPS] and then select 
6:Data/Matrix Editor. 


Select 3:New. 


APPLICATIONS 


Specify the applicable NEEL 

information for the new Tops bata s 
. Folder: Moin + 

variable. variable: 


Be 


Enter =Ok ESCECHMCEL 


Item 


Type 


Folder 


Variable 


Row dimension 
and 
Col dimension 


Lets you: 


Select the type of variable to 
create. Press ® to display a 
menu of available types. 


Select the folder in which the new variable will 
be stored. Press ® to display a menu of existing 
folders. For information about folders, refer to 
Chapter 5. 


Type a new variable name. 


If you specify a variable that already exists, an 
error message will be displayed when you press 
ENTER]. When you press [ESC] or [ENTER] to 
acknowledge the error, the NEW dialog box is 
redisplayed. 


If Type = Matrix, 


THR GE Matrix? 


type the number 
of rows and 
columns in the 
matrix. 


Data/Matrix Editor. 


Folder: 
Variable: 
Row dimension: 


Enter =OkK 


Col dimension: 


ESCECAMCEL 
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. Press [ENTER] (after typing in an input box such as Variable, press 
ENTER] twice) to create and display an empty variable in the 
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Using the Current 
Variable 


Creating a New 
Variable from the 
Data/Matrix Editor 


Opening Another 
Variable 


Note: Variable shows the 
first existing variable in 
alphabetic order. If there are 
no existing variables, 
nothing is displayed. 


Note about 
Deleting a Variable 
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You can leave the Data/Matrix Editor and go to another application 
at any time. To return to the variable that was displayed when you 


left the Data/Matrix Editor, press 


From the Data/Matrix Editor: 


1. Press [Fi] and select 3:New. 


2. Specify the type, folder, and 
variable name. For a matrix, 


also specify the number of 
rows and columns. 


APPS 


6 and select 1:Current. 


You can open another variable at any time. 


1. From the Data/Matrix Editor, press [F1 


—or— 
From any application, press 


2. Select the type, folder, and 
variable to open. 


ENTER}. 


3. Press 


APPS 


and select 1:Open. 


6 and select 2:Open. 


OFEM 


Enter =k 


TyP GE Data + 
Folder: reqin+ 
Variable: dated + 


ESCECHMCEL 


Because all Data/Matrix Editor variables are saved automatically, 
you can accumulate quite a few variables, which take up memory. 


To delete a variable, use the VAR-LINK screen ((2nd] [VAR-LINK]). For 
information about VAR-LINK, refer to Chapter 21. 
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Entering and Viewing Cell Values 


The Data/Matrix 
Editor Screen 


Tip: Use the title cell at the 
very top of each column to 
identify the information in 
that column. 


Entering or Editing 
a Value in a Cell 


Tip: To enter a new value, 
you can start typing without 
pressing (ENTER) or (F3] first. 
However, you must use 
ENTER] or[F3] to edit an 
existing value. 


Note: To enter a value from 
the entry line, you can also 
use © or. 


A blank Data/Matrix Editor screen is shown below. When the screen 
is displayed initially, the cursor highlights the cell at row 1, column 1. 


Fir Fz Fy Fe Fr 
rostclrrot Seturléerfrender|éaiclitalsea|_| 


FE 
Variable type Se Tok Schur 
es ee ee) 


Column headers 


Row numbers 


Row and column 
number of 
highlighted cell 


RAD AUTO FUNC 


Column title cells, used to type ——_ 
a title for each column 


When values are entered, the entry line shows the full value of the 
highlighted cell. 


You can enter any type of expression in a cell (number, variable, 
function, string, etc.). 


1. Move the cursor to highlight the cell you want to enter or edit. 


Press [ENTER] or [F3] to move the cursor to the entry line. 


2 
3. Type anew value or edit the existing one. 
4 


Press [ENTER] to enter the value into the highlighted cell. 


When you press [ENTER], the cursor automatically moves to highlight 
the next cell so that you can continue entering or editing values. 
However, the variable type affects the direction that the cursor 
moves. 


Variable Type After [ENTER], the cursor moves: 


List or data Down to the cell in the next row. 


Matrix Right to the cell in the next column. From the last 
cell in a row, the cursor automatically moves to 
the first cell in the next row. This lets you enter 


values for rowl, row2, etc. 


Chapter 15: Data/Matrix Editor 243 


Scrolling through 
the Editor 


How Rows and 
Columns Are Filled 
Automatically 


Note: If you enter more than 
one column of elements in a 
list variable, it is converted 
automatically into a data 
variable. 


To move the cursor: Press: 

One cell at a time ©, ©, O, or M 

One page at a time 2nd] and then ©, ©, ®, or @ 
Go to row 1 in the current «| © or 

column or to the last row KS) 


that contains data for any 
column on the screen, 
respectively. If the cursor is 
in or past that last row, [+] 


© goes to row 999. 
Go to column 1 or to the *]@ or 
last column that contains EKO) 


data, respectively. If the 
cursor is in or past that last 
column, [+] ® goes to 
column 99. 


When you scroll down/up, the header row remains at the top of the 
screen so that the column numbers are always visible. When you 
scroll right/left, the row numbers remain on the left side of the 
screen so that they are always visible. 


When you enter a value in a cell, the cursor moves to the next cell. 
However, you can move the cursor to any cell and enter a value. If 
you leave gaps between cells, the TI-89 / TI-92 Plus handles the gaps 
automatically. 


¢ Inalist variable, a cell in the gap is undefined until you enter a 
value for the cell. 


¢ Ina data variable, gaps in a column are handled the same as a list. 
However, if you leave a gap between columns, that column is 
blank. 


of o3 


e[eafrape[o 
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Note: Although you specify 
the size of a matrix when 
you create it, you can easily 
add additional rows and/or 
columns. 


Changing the 
Cell Width 


Tip: Remember, to see a 
number in full precision, you 
can always highlight the cell 
and look at the entry line. 


Clearing a Column 
or all Columns 


Note: For a list or data 
variable, a clear column is 
empty. For a matrix, a clear 
column contains zeros. 


¢ Ina matrix variable, when you enter a value in a cell outside the 
current boundaries, additional rows and/or columns are added 
automatically to the matrix to include the new cell. Other cells in 
the new rows and/or columns are filled with zeros. 


HAT 
ex 


c2 od 


z 
Ey 


Ts] Led] 


Fp | 


The cell width affects how many characters are displayed in any cell. 
To change the cell width in the Data/Matrix Editor: 


1. To display the FORMATS dialog box, press [F1] 9 


—or— 
TI-89: [+] LI 
TI-92 Plus: 


FORMATS 


Ad 


[+] F 


Ce] Width: + 
Autoe-calculake: ON + 


EnterSSAve ESC =CANCEL 


Cell width is the maximum 
number of characters that can 
be displayed in a cell. 


All cells have the same cell 


width. 


2. With the current Cell Width setting highlighted, press ® or @ to 


display a menu of digits (3 through 12). 


3. Move the cursor to highlight a number and press 


single-digit numbers, you can type the number and press 


ENTER 


4. Press 


to close the dialog box. 


ENTER 


. (For 


ENTER].) 


This procedure erases the contents of a column. It does not delete 


the column. 
To clear: Do this: 
A column 1. Move the cursor to any cell in the column. 
2. TI-89: (2nd) [Fé] 
TI-92 Plus: [F6] 


All columns 


and select 5:Clear Column. (This item is not 
available for a matrix.) 


Press [F1 
for confirmation, press 


ENTER] (or 


ESC 


and select 8:Clear Editor. When prompted 


to cancel). 
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Inserting and Deleting a Row, Column, or Cell 


Note About Column 
Titles and Headers 


Inserting a Row or 
Column 


Note: For a list variable, 
inserting a row is the same 
as inserting a cell. 


Note: For a list variable, you 
cannot insert a column 
because a list has only one 
column. 


You cannot delete the rows or cells that contain column titles or 
headers. Also, you cannot insert a row or cell before a column title or 
header. 


The new row or column is inserted before the row or column that 
contains the highlighted cell. In the Data/Matrix Editor: 


1. Move the cursor to any cell in the applicable row or column. 


2. TI-+89: [2nd] [Fé] 
TI-92 Plus: [F6 
and select 1:Insert. 


3. Select either 2:row or 
3:column. 


When you insert a row: 


¢ Ina list or data 
variable, the row is 
undefined. 


¢ Ina matrix variable, 
the row is filled with 
Zeros. 


When you insert a column: 


Licolumm feolu 
T Sor ‘ol 

a! Clear Column 

bie aap Pan s 


mr 
adjust all 


k 


DATA 


DATA 


ee] 


A | 


15 
20 
undef 


* Inadatavariable, |"" 


the column is 1 
blank. 7 
4 


¢ Ina matrix 
variable, the 
column is filled 
with zeros. 


You can then enter values in the undefined or blank cells. 
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Inserting a Cell 


Note: For a matrix variable, 
you cannot insert a cell 
because the matrix must 
retain a rectangular shape. 


Deleting a Row or 
Column 


Deleting a Cell 


Note: For a matrix variable, 
you cannot delete a cell 
because the matrix must 
retain a rectangular shape. 


If You Need to Adda 
New “Last” Row, 
Column, or Cell 


The new cell is inserted before the highlighted cell in the same 
column. (You cannot insert a cell into a locked column, which is 
defined by a function in the column header. Refer to page 248.) In 
Data/Matrix Editor: 


1. Move the cursor to the 
applicable cell. 


2. TI-89: (2nd) [Fé] 


co Luni 
ol 
r Colu 


Psst iS 


ri 
adjust all 
rar 


the 


TI-92 Plus: [F6 
and select 1:Insert. 


3. Select 1:cell. 


The inserted cell is pare = 

undefined. You can then i i 3 

enter a value in the cell. z ae 
4 [4a 

In the Data/Matrix Editor: 


1. Move the cursor to any cell in the row or column you want to 
delete. 


2. TI-+89: [2nd] [Fé] 
TI-92 Plus: [F6 
and select 2:Delete. 


u| 


ea fl O 
LStcoluma Fol 


ee 


MeL 
adjust all 
mn 


3. Select either 2:row or 
3:column. 


If you delete a row, any rows below the deleted row are shifted up. 


If you delete a column, any columns to the right of the deleted 
column are shifted left. 


In the Data/Matrix Editor: 


1. Move the cursor to the cell you want to delete. (You cannot delete 


a cell in a locked column, which is defined by a function in the 
column header. Refer to page 248.) 


2. TI-+89: [2nd] [Fé] 


TI-92 Plus: [F6 La Inger: r 


k 


= 


and select 2:Delete. 
3. Select 1:cell. 


Any cells below the deleted cell are shifted up. 


You do not need to use the Util toolbar menu to: 


e Add anew row or cell at the bottom of a column. 
—or— 
¢« Add anew column to the right of the last column. 


Simply move the cursor to the applicable cell and enter a value. 
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Defining a Column Header with an Expression 


Entering a Header 
Definition 


Tip: To view an existing 
definition, press [F4) or move 
the cursor to the header cell 
and look at the entry line. 


Tip: To cancel any changes, 
press [ESC] before pressing 
ENTER]. 


Note: The seq function is 
described in Appendix A. 


Note: If you refer to an 
empty column, you will get 
an error message (unless 
Auto-calculate = OFF as 
described on page 249). 


Note: For a data variable, 
header definitions are saved 
when you leave the Data/ 
Matrix Editor. For a list 
variable, the definitions are 
not saved (only their 
resulting cell values). 


Clearing a Header 
Definition 
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In the Data/Matrix Editor: 


1. Move the cursor to any cell in the column and press [F4]. 


— or — 


Move the cursor to the header cell (c1, c2, etc.) and press [ENTER]. 


Note: [ENTER] is not required if you want to type a new definition 
or replace the existing one. However, if you want to edit the 


existing definition, you must press 


ENTER}. 


2. Type the new expression, which replaces any existing definition. 


If you used [F4] or [ENTER 


in Step 1, the cursor moved to the entry 
line and highlighted the existing definition, if any. You can also: 


¢ Press [CLEAR] to clear the highlighted expression. Then type the 


new expression. 
—or— 


* Press © or ® to remove the highlighting. Then edit the old 


expression. 


You can use an expression that: 


Generates a series of numbers. 


Refers to another column. 


For example: 
cl=seq(x*2,x,1,5) 
cl={1,2,3,4,5} 


c2=2* cl 
c4=cl*c2-sin(c3) 


3. Press [ENTER], ©, or © to 


save the definition and 
update the columns. 


You cannot directly 
change a locked cell 
(&) since it is defined 
by the column header. 


1. Move the cursor to any cell in the column and press [F4]. 


—or— 


Move the cursor to the header cell (c1, c2, etc.) and press [ENTER]. 


Ph 


-——c1=seq(x,x,1,7) 
p—c2=2*cl 


2. Press [CLEAR] to clear the highlighted expression. 


3. Press [ENTER], ©, or ©. 
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Using an Existing 
List as a Column 


Note: If you have a 

CBL 2™/CBL™ or CBR™, 
use these techniques for 
your collected lists. 


Tip: Use (2nd) [VAR-LINK] to 
see existing list variables. 


To Fill a Matrix with 
a List 


The Auto-calculate 
Feature 


Tip: You may want to set 
Auto-calculate = OFF to: 


¢ Make multiple changes 
without recalculating 
each time. 


¢ Enter a definition such 
as c1=c2+c3 before you 
enter columns 2 and 3. 


¢ Override any errors ina 
definition until you can 
debug the error. 


Suppose you have one or more existing lists, and you want to use 
those existing lists as columns in a data variable. 


Do this: 


In the applicable column, use [F4] to define 
the column header. Refer to the existing 
list variable. For example: 


From the: 
Data/Matrix Editor 


c1=list1 


Use the NewData command as described in 
Appendix A. For example: 


Home screen or a 
program 


NewData datavar, list [, list2] [, list3] ... 


Existing list variables to 
copy to columns in the 
data variable. 


Data variable. If this data 
variable already exists, it will 
be redefined based on the 
specified lists. 


You cannot use the Data/Matrix Editor to fill a matrix with a list. 
However, you can use the list» mat command from the Home screen 
or a program. For information, refer to Appendix A. 


For list and data variables, the Data/Matrix Editor has an 
Auto-calculate feature. By default, Auto-calculate = ON. Therefore, if 
you make a change that affects a header definition (or any column 
referenced in a header definition), all header definitions are 
recalculated automatically. For example: 


¢ Ifyou change a header definition, the new definition is applied 
automatically. 


¢ If column 2’s header is defined as c2=2* c1, any change you make 
in column 1 is automatically reflected in column 2. 


To turn Auto-calculate off and on from the Data/Matrix Editor: 


1. Press [Fi] 9 a 
eT] Midth: GF 
—Oor— Auke-catculabe: Li) 
TI-89: [+] 


Enter=s Ave ESCSCAMCEL 


TI-92 Plus: [¢] F 


2. Change Auto-Calculate to 
OFF or ON. 


3. Press [ENTER] to close the 
dialog box. 


If Auto-calculate = OFF and you make changes as described above, the 
header definitions are not recalculated until you set 
Auto-calculate = ON. 


Chapter 15: Data/Matrix Editor 249 


Using Shift and CumSum Functions in a Column Header 


Using the Shift 
Function 


Note: To enter “shift”, type it 
from the keyboard or select 
it fromthe CATALOG. 


Using the CumSum 
Function 


Note: To enter “cumSum”, 
type it, select it from the 
CATALOG, or press 

2nd} [MATH] and select it from 
the List submenu. 


The shift function copies a base column and shifts it up or down by a 


specified number of elements. Use [F4] to define a column header 
with the syntax: 


shift (column [,integer]) 


sitet of elements to shift (positive shifts up; 
negative shifts down). Default is -1. 


Column used as the base for the shift. 


For example, for a two-element shift up and down: 
c2=shift(ct,2) 


c3=shift(c1, -2) 
cl ce ce 
1 a undef 
2 4 undef 
a der | . 
4 Ander Z +—_— Shifted columns have the same 
length as the base column (c1). 


a Last two elements of c1 shift down and out the 
bottom; undefined elements shift into the top. 


First two elements of c1 shift up and out the top; 
undefined elements shift into the bottom. 


The cumSum function returns a cumulative sum of the elements in a 
base column. Use [F4] to define a column header with the syntax: 


cumSum (column) 


= Column used as the base for the cumulative sum 


For example: 


c2=cumSum(c1) 


1+2 
14+2+3+4 
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Sorting Columns 


Sorting a Single In the Data/Matrix Editor: 


Column 1. Move the cursor to any cell in the 


column. 


2. TI-+89: [2nd] [Fé] 
TI-92 Plus: [F6 
and select 3:Sort Column. 


ci 
Numbers are sorted in ascending fred | —™ 
order. sally 

chris = 
Character strings are sorted in jane 
alphabetical order. es ad 

82 


Sorting All Columns Consider a database structure in which each column along the same 


Based ona “Key” row contains related information (such as a student’s first name, last 
Column name, and test scores). In such a case, sorting only a single column 
would destroy the relationship between the columns. 
In the Data/Matrix Editor: 
1. Move the cursor to any Des] 
Note: For a list variable, this cell in the “key” column. fred [stone [95 
is the same as sorting a sally [ross [Fo 


single column. In this example, move the ate ees —| smith ae 


cursor to the second column 
(c2) to sort by last name. 


Note: This menu item isnot 2. TI-89: (2nd) [Fé] Ss 


available if any column is TI-92 Plus: [Fo nick |castlel[Ss 
locked. Sally [ross [75 


and select 4:Sort Col, adjust all. jane [smith [ar 
ieee stone Ea 


When using this procedure for a data variable: 


¢ All columns must have the same length. 


¢ None of the columns can be locked (defined by a function in the 
column header). When the cursor is in a locked column, & is 
shown at the beginning of the entry line. 
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Saving a Copy of a List, Data, or Matrix Variable 


Valid Copy Types 


Note: A list is automatically 
converted to a data variable 
if you enter more than one 
column of information. 


Procedure 


Note: If you type the name 
of an existing variable, its 
contents will be replaced. 


To Copy a Data 
Column to a List 


You can copy a: Toa: 

List List or data 
Data Data 

Data column List 

Matrix Matrix 


From the Data/Matrix Editor: 
1. Display the variable that you want to copy. 


2. Press [Fi] and select 2:Save Copy As. 
3. In the dialog box: (SAVE COPY OF Emaintagas 
¢ Select the Type and foie ain 
Folder for the copy. Lich ee 
¢ Type a variable name 


Enter=sAve ESCECAMCEL 


for the copy. 


. : “Column is dimmed unless you 
When available, select the copy a data column to a list. 


column to copy from. The column information is not 
used for other types of copies. 


4. Press [ENTER] (after typing in an input box such as Variable, you 
must press [ENTER] twice). 


A data variable can have multiple columns, but a list variable can 
have only one column. Therefore, when copying from a data variable 
to alist, you must select the column that you want to copy. 


SAVE COPY OF Croginti] As 


List variable to copy to. Tepe: List 
Se || Felder: mdin# 


[> Variable: 


;- Coluran: cle 
Data column that will be copied to ar | 


the list. By default, this shows the 
column that contains the cursor. 
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Statistics and Data Plots 


Preview of Statistics and Data Plots... eeceeeeseeeeeeneeseeeeeeeeeeeeeeee 254 
Overview of Steps in Statistical AnalySis.........0..cccceceeseeseeteeteeeeeenees 258 
Performing a Statistical Calculation... eeeseeeeeceneeeeeeeeeeeeeseeeeee 259 
Statistical Calculation Types. ........ 261 


Statistical Variables... .. 263 
Defining a Statistical Plot .. 264 
Statistical Plot Types .... .. 266 
Using the Y= Editor with Stat Plots....... .. 268 
Graphing and Tracing a Defined Stat Plot... cece eeeeeeeeeteeeeeeee 269 
Using Frequencies and Categories .0.........cceseceeseeseeceeeeeeeeeeeeteeeeeeeees 270 
If You Have a CBL 2/CBL or CBR... ceeeeeceeeceeeeeeeeseeeeeeneeeeeeeneeeneees 272 


The Data/Matrix Editor serves two main purposes. 


¢ As described previously in Chapter 15, the Data/Matrix Editor 
lets you create and maintain a list, matrix, or data variable. 


¢ This chapter describes how to use the Data/Matrix Editor to 
perform statistical calculations and graph statistical plots. 


ovislrtof Setur|Ecrncater|eaeluei| se] _| 
[ [med [resid | 
od 
is _ 15, 883|-1, 889) 


RAD AUTO 


=.0BLS61 
Sdn0de43. 


Enter=Ok 
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Preview of Statistics and Data Plots 


Steps 


1. Display the MODE dialog box. 
For Graph mode, select 
FUNCTION. 


2. Display the Data/Matrix Editor, 
and create a new data variable 
named BUILD. 


3. Using the sample data below, 
enter the population in 


column 1. 
Pop. (in 1000s) Bldgs > 12 stories 
150 4 
500 31 
800 42 
250 9 
500 20 
750 55 
950 73 


4. Move the cursor to row 1 in 
column 2 (rlc2). Then enter the 
corresponding number of 
buildings. 


° 


© moves the cursor to the top of 
the page. After typing data for a cell, 
you can press [ENTER] or © to enter th 
data and move the cursor down one 
cell. Pressing © enters the data and 
moves the cursor up one cell. 


5. Move the cursor to row 1 in 
column 1 (rlc1). Sort the data in 
ascending order of population. 


This sorts column 1 and then adjusts 
all other columns so that they retain 
the same order as column 1. This is 
critical for maintaining the 
relationships between columns of 
data. 

To sort column 1, the cursor can be 
anywhere in column 1. This example 
has you press TI-89:()© 

TI-92 Plus: (2nd)© so that you can 
see the first four rows. 
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Display 


MObE 


Pratky Print... 


Enter=SAve 


Fi FE FS 
Fade i)Fage 2]Fage = 
GRAPH ae, La 


ESCSCANCEL 


THPe: 
Folder: 
Nariab le: 
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Enter =k 


ESCECAMCEL 


: Fir Fe Fe FY FE [Fox Fe 
z][TooTs|Flot Setup [Ce Header) Ca tc[Utin|s tat) 


DEG AUTO 


FUME 


DEG AUTO 


FUME 


RAG AUTO 


FUME 


Steps 


6. Display the Calculate dialog box. 
Set: 
Calculation Type = MedMed 
x=C1 
y=C2 
Store RegEQ to = y1(x) 

7. Perform the calculation to 
display the MedMed regression 
equation. 


As specified on the Calculate dialog 
box, this equation is stored in y1(x). 


8. Close the STAT VARS screen. 


The Data/Matrix Editor displays. ; 


9. Display the Calculate dialog box. 
Set: 
Calculation Type = LinReg 
x=C1 
y=C2 
Store RegEQ to = y2(x) 


10. Perform the calculation to 
display the LinReg regression 
equation. 


This equation is stored in y2(x). 


11. Close the STAT VARS screen. 


The Data/Matrix Editor displays. ; 


12. Display the Plot Setup screen. 


Plot 1 is highlighted by default. 


F3] lets you clear highlighted Plot 
settings. 


13. Define Plot 1 as: 
Plot Type = Scatter 


Mark = Box 
x=Cl 
y=C2 


Notice the similarities between this 
and the Calculate dialog box. 


14. Save the plot definition and 
return to the Plot Setup screen. 


Notice the shorthand notation for Plot 
1's definition. 


Display 


in build Calculate 


MedMed + 
cd 


ez 
wit + 
MO 


Store Regeo to 


we [Ke 


EnterSSAve ESCECAMCEL 


if STAT WARS y 


Enter=Ok 


mainbuild Calculate 


Linked + 
cd 


ez 
VEC) 
MO 


ue 
Store Regeo to 
Freq and Cates 


Enter SSAve ESCECAMCEL 


if STAT ARS y 


vroueb 
a 081561 
b Sd2.022421 
corr =.BE7317 
RE =,51B457 
Enter=Ok 
Tagin build 
Fi Fe | FS FS 
Dering }Copy|ciear| 
a 
Flot 3: 
Flot 4: 
Plot ©: 
Flot & 
Flot 7: 
Flot B: 
Flot 3: 


if Tain build E 


ESCECAMCEL 


Enter SSAve 


?(ENTER 3(ENTER 

i (ENTER ie ER 

is 'B 

HOEXC) 1050 
HO) iO 

© 10 

:® © ENTER :© © ENIER 
: (ENTER :(ENTER 

i ENTER AEN ER 

iF 2 

Atal Fi 

IO1© i010 
101 i010 

iC [alpha] 1 © 7C1© 
:[alpha] C 2 iC 2 

:(ENTER ENTER :(ENTER ENTER 
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Steps 


15. Display the Y= Editor. For y1(x), 

the MedMed regression : 
equation, set the display style to : 
Dot. : 


Note: Depending on the previous 
‘ wes 
contents of your Y= Editor, you may + i a1 Gs, PPSSESSESSSSSSONT., 
need to move the cursor to y1. : i Hal BAD AUTO FUNC 
PLOTS 1 at the top of the screen i i i 
means that Plot 1 is selected. 
Notice that y1(x) and y2(x) were 
selected when the regression 
equations were stored. 


16. Scroll up to highlight Plotl.  i@ iO 


The displayed shorthand definition is : 
the same as on the Plot Setup screen.: 


Display 


OFSSSSSSS555556-« + - ob 
»GS15607 73480665 -% + ~ "> 


RAG AUTO FUME 


17. Use ZoomData to graph Plot 1 (FQ) 9 FQ] 9 
and the regression equations : : 
y1(x) and y2(x). 

ZoomData examines the data for all 


selected stat plots and adjusts the 
viewing window to include all points. 


18. Return to the current session of i APPS] 6 1 i APPS] 6 1 
the Data/Matrix Editor. i : 

19. Enter a title for column 3. Define 10 OroKo) iO OOO 
column 3’s header as the values !Qnd) [a-lockK]MED :MED 
predicted by the MedMed line. : (alpha) (ENTER HENTER 
To enter a title, the cursor must i(Fa] Y 1 (J [alpha] C HFaY1(QC 
ee title cell at the very top oft :1 D) ENTER 1 7] (ENTER 


F4] lets you define a header from 
anywhere in a column. When the 
cursor is on a header cell, pressing 
F4) is not required. 


20. Enter a title for column 4. Define ! 0 © [2nd] [a-lock] HO) © 


column 4’s header as the : ?RES ID {alpha iR ESID 
residuals (difference between —_# [ENTER (ENTER 
observed and predicted values) _ :{aloha] C 2) [alpha] :[F] C 2 
for MedMed. iC 3 (ENTER iC 3 [ENTER 
i ; = RAG AUTO 
21. Enter a title for column 5. Define © © © 2nd HET@) 
column 5’s header as the values : a-lock] L I N (alpha : LIN 
predicted by the LinReg line. :(ENTER [ENTER 
iF4)Y 2(Q (alpha) HFA) Y 200 


iC 1D) ENTER iC 1D) ENTER 
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Steps 


22. Enter a title for column 6. Define HO) © ‘ i ifrecteletot Setue fen caer trie|itil sce 


column 6’s header as the 


Display 


residuals for LinReg. 
23. Display the Plot Setup screen and | : 
deselect Plot 1. i 
24. Highlight Plot 2 and define it as: © FA HO) FA 
Plot Type = Scatter Ho) HO) 
Mark = Box iO HO) i "Sac “E 
X= C1 iC alpha 1© iC ij. 6) i Ae and Categerigst MO> 
y = C4 (MedMed residuals) ?falpha] C 4(ENTER) :C 4 [ENTER : oe 
ENTER (ENTER : 
25. Highlight Plot 3 and define it as: ola iO ; aes 
Plot Type = Scatter Ho) He) z) ma Huse 
Mark = Plus iD3@ i030 
x=C1 :C (alpha 1© i€1© 
y = C6 (LinReg residuals) :(alpha] C 6 (ENTER) :C 6 (ENTER 
(ENTER :(ENTER 
26. Display the Y= Editor and turn i +) [Y=] i *) [y=] 
all the y(x) functions off. i[F5) 3 i[F5) 3 
From [F5), select 3:Functions Off, not i E 
1:All Off. 
Plots 2 and 3 are still selected. 
: : i MAIM RAD AUTO FUNC 
27. Use ZoomData to graph the i F2] 9 i F2] 9 E p a 
residuals. i i bot fi 
in oe 
O marks the MedMed residuals; z 
+ marks the LinReg residuals. t 
28. Display the Home screen. i HOME i #) [HOME] : 
29. Use the MedMed (y1(x)) and i 2nd) [MATH] 1 3 i 2nd} [MATH] 1 3 i riatslargcbraleare| acre Prafaia|crecs Ur 
LinReg (y2(x)) regression ?¥103000H) iy1@3000) } 
equations to calculate values for jL] 0D] [ENTER iL) OD)(ENTER) 
x = 300 (300,000 population). :® H@) : neelts a 
4 + 3/@ Poundey , * 
The round function (nd) [MATH] 13) :@ OOOO 10 OOOO i]s rourndcy2c 308), G) 12. 
ensures that results show an integer ?@@@[4J] 2 FOOOR)2 : Pound 2050020) 
number of buildings. FfENTER i it eaeaw Te ee 


?(ENTER 
After calculating the first result, edit : 
the entry line to change y1 to y2. 
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Overview of Steps in Statistical Analysis 


Calculating and Set Graph mode ((MODE]) 
Plotting Stat Data to FUNCTION. 


Fi~ Fe Fe FY FE [Fax Fe 
Too ls|Plot Sekur pce Header |CatciMtit|s tak 


Note: Refer to Chapter 15 Enter stat data in the 
for details on entering data in Data/Matrix Editor 
the Data/Matrix Editor. ((APPS] 6). 


MAIN RAG AUTO FUME 


Mginbuild Calculate 
Calculation Tyr 
Ts 
ce 
Sto wit + 
Freq and Catedories? MO* 


Perform stat 
calculations to find 
stat variables or fit 

data to a model ((F5)). 


Enter=SAve ESCECAMCEL 


ragin’sbuitd 


Fi Fe | FS [FY 
Define Cory pC Tear] 
ny 


Define and select stat 
plots ((F2) and then (Fi). 


Tip: You can also use the 
Y= Editor to define and 
select stat plots and y(x) 
functions. 


Define the viewing 
window ([s] [winpow)). 


Tip: Use ZoomData to Change the graph 
optimize the viewing format if necessary. 
window for stat plots. Fi] 9 

F2] Zoom is available on the 

Y= Editor, Window Editor, eae 

and Graph screen. TI-89: (¢] 0 


TI-92 Plus: 


Graph the selected 
stat plots and 
functions ([+] [GRAPH]). 


Exploring the From the Graph screen, you can: 
Graphed Plots 


¢ Display the coordinates of any pixel by using the free-moving 
cursor, or of a plotted point by tracing a plot. 


¢ Use the [F2] Zoom toolbar menu to zoom in or out on a portion of 
the graph. 


e Use the [F5] Math toolbar menu to analyze any function (but not 
plots) that may be graphed. 
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Performing a Statistical Calculation 


The Calculate 
Dialog Box 


Note: If an item is not valid 
for the current settings, it will 
appear dimmed. You cannot 
move the cursor to a 
dimmed item. 


Tip: To use an existing list 
variable for x, y, Freq, or 
Category, type the list name 
instead of a column number. 


You must have a data variable opened. The Data/Matrix Editor will 
not perform statistical calculations with a list or matrix variable. 


From the Data/Matrix Editor: 


1. Press [F5 to display the Pathname of the 
Calculate dialog box. data variable 


Mginbuild Calculate 
i Cubicked + 


This example shows all 
items as active. On your ie 
calculator, items are Hae 
active only if they are 

valid for the current 
settings of Calculation 
Type and Use Freq and 
Categories. 


> Include Cakederics.... 


Enter=SAve ESCECHMCEL 


2. Specify applicable settings for the active items. 


Item Description 


Calculation Type Select the type of calculation. For descriptions, 
refer to page 261. 


x Type the column number in the Data/Matrix 
Editor (C1, C2, etc.) used for x values, the 
independent variable. 

y Type the column number used for y values, the 


dependent variable. This is required for all 
Calculation Types except OneVar. 


Store RegEQ to If Calculation Type is a regression analysis, you 
can select a function name (y1(x), y2(x), etc.). 
This lets you store the regression equation so 
that it will be displayed in the Y= Editor. 


Use Freq and Select NO or YES. Note that Freq, Category, and 
Categories? Include Categories are active only when 
Use Freq and Categories? = YES. 
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The Calculate 
Dialog Box 
(Continued) 


Note: For an example of 
using Freq, Category, and 
Include Categories, refer to 
page 270. 


Note: Any undefined data 
points (shown as undef) are 
ignored in a stat calculation. 


Redisplaying the 
STAT VARS Screen 


260 


Item 
Freq 


Category 


Include 
Categories 


3. Press [ENTER 


(after typing in an input box, press [ENTER 


Description 


Type the column number that contains a 
“weight” value for each data point. If you do 
not enter a column number, all data points are 
assumed to have the same weight (1). 


Type the column number that contains a 
category value for each data point. 


If you specify a Category column, you can use 
this item to limit the calculation to specified 
category values. For example, if you specify 
{1,4}, the calculation uses only data points with 
a category value of 1 or 4. 


twice). 


The results are displayed on the STAT VARS screen. The format 
depends on the Calculation Type. For example: 


For Calculation Type = OneVar 


STAT VARS 


For Calculation Type = LinReg 


z SP2.42bS71 
sEE4. 
S1i576. 

ex FEh.0d2370 

ndkat =F. 

rink: 4. 

aL =, 

Mmedztak +1. 


4. To close the STAT VARS screen, press [ENTER]. 


-— When ~ is shown instead of =, you 
can scroll for additional results. 


The Data/Matrix Editor’s Stat toolbar menu redisplays the previous 
calculation results (until they are cleared from memory). 


TI-89: [2nd] [F7] 
TI-92 Plus: [F7 


Previous results are cleared when you: 


¢ Edit the data points or change the Calculation Type. 


¢ Open another data variable or reopen the same data variable 
(if the calculation referred to a column in a data variable). Results 
are also cleared if you leave and then reopen the Data/Matrix 
Editor with a data variable. 


¢ Change the current folder (if the calculation referred to a list 
variable in the previous folder). 
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Statistical Calculation Types 


Selecting the 
Calculation Type 


Note: For TwoVar and all 
regression calculations, the 
columns that you specify for 
X and y (and optionally, Freq 
or Category) must have the 
same length. 


From the Calculate dialog box ((F5]), highlight the current setting for 
the Calculation Type and press @. 


You can then select from a 
menu of available types. 


Tainbuild Calculate 5 
Tatculation Tere... 
x 


Enter =SAve ESCECAMCEL 


'__ lf an item is dimmed, it is not valid 
for the current Calculation Type. 


Calc Type Description 


OneVar 


TwoVar 


CubicReg 


ExpReg 


LinReg 


LnReg 


Logistic 


One-variable statistics — Calculates the statistical 
variables described on page 263. 


Two-variable statistics — Calculates the statistical 
variables described on page 263. 


Cubic regression — Fits the data to the third-order 
polynomial y=ax3 +bx2 +cx+d. You must have at least 
four data points. 


¢ For four points, the equation is a polynomial fit. 
¢ For five or more points, it is a polynomial regression. 


Exponential regression — Fits the data to the model 
equation y=ab * (where a is the y-intercept) using a least- 
squares fit and transformed values x and In(y). 


Linear regression — Fits the data to the model y=ax+b 
(where a is the slope, and b is the y-intercept) using a 
least-squares fit and x and y. 


Logarithmic regression — Fits the data to the model 
equation y=a+b In(x) using a least-squares fit and 
transformed values In(x) and y. 


Logistic regression — Fits the data to the model 
y=a/(1+b*e*(c*x))+d and updates all the system 
statistics variables. 
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Selecting the 
Calculation Type 
(Continued) 


From the Home 
Screen or a Program 


Calc Type 
MedMed 


PowerReg 


QuadReg 


QuartReg 


SinReg 


Description 


Median-Median — Fits the data to the model y=ax+b 
(where a is the slope, and b is the y-intercept) using the 
median-median line, which is part of the resistant line 
technique. 


Summary points medx1, medy1, medx2, medy2, medx3, 
and medy3 are calculated and stored to variables, but 
they are not displayed on the STAT VARS screen. 


Power regression — Fits the data to the model equation 
y=ax> using a least-squares fit and transformed values 
In(x) and In(y). 


Quadratic regression — Fits the data to the second- 
order polynomial y=ax? +bx+c. You must have at least 
three data points. 


¢ For three points, the equation is a polynomial fit. 
¢ For four or more points, it is a polynomial regression. 


Quartic regression — Fits the data to the fourth-order 
polynomial y=ax4+bx3 +cx2 + dx+e. You must have at 
least five data points. 


¢ For five points, the equation is a polynomial fit. 
¢ For six or more points, it is a polynomial regression. 


Sinusoidal regression — Calculates the sinusoidal 
regression and updates all the system statistics 
variables. The output is always in radians, regardless of 
the angle mode setting. 


Use the applicable command for the calculation that you want to 
perform. The commands have the same name as the corresponding 
Calculation Type. Refer to Appendix A for information about each 


command. 


Important: These commands perform a statistical calculation but 
do not automatically display the results. Use the ShowStat command 
to show the calculation results. 
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Statistical Variables 


Calculated Variables 


To type the character x, 
press: 

TI-89: [+] (J [4] [Ss] 
TI-92 Plus: 2nd} G[t]S 


To type the character o, 
press: 

TI-89: (¢] (J [alpha] [S] 
TI-92 Plus: (2nd) GS 


Tip: To type a power (such 
as 2 in x2 ), X, or ¥, press 
2nd] [CHAR] and select it from 
the Math menu. 


Note: 1st quartile is the 
median of points between 
minX and medStat, and 3rd 
quartile is the median of points 
between medSiat and maxX. 


Tip: If regeq is 4x + 7, then 
regCoef is {4 7}. To access 
the ‘a” coefficient (the 1st 
element in the list), use an 
index such as regCoef{1]. 


Statistical variables are stored as system variables. However, regCoef 
and regeq are treated as a list and a function variable, respectively. 


One Two 

Var Var Regressions 
mean of x values x xX 
sum of x values =X =X 
sum of x? values =x2 =x2 
sample std. deviation of x Sx Sx 
population std. deviation of x + ox ox 
number of data points nStat nStat 
mean of y values y 
sum of y values xy 
sum of y2 values Zy2 
sample standard deviation of y Sy 
population std. deviation of y + oy 
sum of x* y values =xy 
minimum of x values minX minX 
maximum of x values maxX maxX 
minimum of y values minY 
maximum of y values maxY 
1st quartile qi 
median medsStat 
3rd quartile q3 
regression equation regeq 
regression coefficients (a, b, c, d, e) regCoef 
correlation coefficient ++ corr 
coefficient of determination ++ R2 


summary points 
(MedMed only) + 


medx1, medy1, 
medx2, medy2, 
medx3, medy3 


+ The indicated variables are calculated but are not shown on the 
STAT VARS screen. 

++ corr is defined for a linear regression only; R? is defined for all 
polynomial regressions. 
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Defining a Statistical Plot 


Procedure From the Data/Matrix Editor: 


f fagin build 


1. Press [F2] to display the SS 
Plot Setup screen. Dering |CoRviC lear] a 
| 
Initially, none of the Fett 
plots are defined. Fiat z 
Flot 8: 
2. Move the cursor to 
highlight the plot 
number that you want 
= Pathname of the 
to define. data variable 
Note: This dialog box is 3. Press [Fi] to define the aa 
similar to the Calculate plot. 


dialog box. 
This example shows all 
items as active. On your 


Include Catedories.. 


. +] 
calculator, items are 


Note: If an item is not valid : ; 
for the current settings, it will active only if they are 
appear dimmed. You cannot valid for the current 
move the cursor to a setting of Plot Type and 


dimmed item. Use Freq and Categories? 


4. Specify applicable settings for the active items. 


Item Description 
Plot Type Select the type of plot. For descriptions, refer to 
page 266. 
Mark Select the symbol used to plot the data points: 
Box (Q), Cross (x), Plus (+), Square (m), or Dot (- ). 
Note: Plots defined with x Type the column number in the Data/Matrix 
column numbers always use Editor (C1, C2, etc.) used for x values, the 


the last data variable in the 
Data/Matrix Editor, even if 


that variable was not used y Type the column number used for y values, the 
to create the definition. : ane ; 

dependent variable. This is active only for 
Plot Type = Scatter or xyline. 


independent variable. 


Tip: To use an existing list 
variable for x, y, Freq, or Hist. Bucket Specifies the width of each bar in a histogram. 


Category, type the list name 7 : : 

instead of the column Width For more information, refer to page 267. 

numer Use Freqand _—_ Select NO or YES. Note that Freq, Category, and 
Categories? Include Categories are active only when 


Use Freq and Categories? = YES. (Freq is active 
only for Plot Type = Box Plot or Histogram.) 
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Note: For an example of 
using Freq, Category, and 
Include Categories, refer to 
page 270. 


Note: Any undefined data 
points (shown as undef) are 
ignored in a stat plot. 


Selecting or 
Deselecting a Plot 


Copying a Plot 
Definition 


Note: If the original plot was 
selected (/“), the copy is 
also selected. 


Clearing a Plot 
Definition 


Item Description 

Freq Type the column number that contains a “weight” 
value for each data point. If you do not enter a 
column number, all data points are assumed to 
have the same weight (1). 

Category Type the column number that contains a category 
value for each data point. 

Include If you specify a Category, you can use this to limit 

Categories the calculation to specified category values. For 


example, if you specify {1,4}, the plot uses only 
data points with a category value of 1 or 4. 


5. Press [ENTER] (after typing in an input box, press [ENTER] twice). 


redin build 


The Plot Setup screen is 
redisplayed. 


The plot you just 
defined is automatically 
selected for graphing. 


Notice the shorthand 
definition for the plot. 


Plot (ile: Owed sce 


Plot Type = Scatter | Hse: y=c2 
Mark = Box x=cl 


From Plot Setup, highlight the plot and press [F4] to toggle it on or off. 
If a stat plot is selected, it remains selected when you: 


e Change the graph mode. (Stat plots are not graphed in 3D mode.) 
¢ Execute a Graph command. 


¢ Open a different variable in the Data/Matrix Editor. 


From Plot Setup: 


Pain build 
PLOT COFY 


1. Highlight the plot and 
press [F2). 


2. Press ® and select the 
plot number that you 
want to copy to. 


3. Press [ENTER]. 


From Plot Setup, highlight the plot and press [F3]. To redefine an 
existing plot, you do not necessarily need to clear it first; you can 
make changes to the existing definition. To prevent a plot from 
graphing, you can deselect it. 
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Statistical Plot Types 


Scatter Data points from x and y are plotted as coordinate pairs. Therefore, 
the columns or lists that you specify for x and y must be the same 
length. 
¢ Plotted points are shown ! a 

with the symbol that you : 7 a 
select as the Mark. i Qo 
: o 
¢ Ifnecessary, you can specify ila 
the same column or list for 
both x and y. 


xyline 


Box P 


266 


This is a scatter plot in which 
data points are plotted and 
connected in the order in which 
they appear in x and y. 


You may want to sort all the 
columns in the Data/Matrix 
Editor before plotting. 
TI-89: (2nd) [Fé] 3 or (2nd) [Fe] 4 
TI-92 Plus: [F6] 3 or [F6] 4 


lot This plots one-variable data with respect to the minimum and 
maximum data points (minX and maxX) in the set. 


¢ A box is defined by its first | Qi | Med | Q3 
quartile (Q1), median (Med), . 
and third quartile (Q3). : }— 


* Whiskers extend from minx. 
to Q1 and from Q3 to maxX. : — minx maxX — 


e« When you select multiple box 
plots, they are plotted one 
above the other in the same 
order as their plot numbers. 


¢« Use NewPlot to show statistical data as a modified box plot. 


« Select Mod Box Plot as the Plot Type when you define a plot in the 
Data/Matrix Editor. 


A modified box plot excludes points outside the interval 

[Q1- X, Q3+X], where X is defined as 1.5 (Q3- Q1). These points, 
called outliers, are plotted individually beyond the box plot’s 
whiskers, using the mark that you select. 
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Histogram 


This plots one-variable data as a histogram. The x axis is divided into 
equal widths called buckets or bars. The height of each bar (its y 
value) indicates how many data points fall within the bar’s range. 


¢« When defining the plot, you xmax - xmin 
can specify the Hist. Bucket Number of bars = Hist. Bucket Width 
Width (default is 1) to set 
the width of each bar. 


¢ A data point at the edge of 
a bar is counted in the bar 
to the right. 


e ZoomData ([F2] 9 from the 
Graph screen, Y= Editor, or 
Window Editor) adjusts xmin + Hist. Bucket Width 
xmin and xmax to include xmin 
all data points, but it does 
not adjust the y axis. 


— Use [+] [WINDOW] to set 
ymin = 0 and ymax = the 
number of data points 
expected in the tallest 
bar. Trace cursor 


e When you trace ((F3]) a 
histogram, the screen 
shows information about 
the traced bar. 


“mini4, 


(maxi. 3 
‘_ Range of __ # of data 
the traced points in the 
bar traced bar 
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Using the Y= Editor with Stat Plots 


Showing the List of 
Stat Plots 


Note: Plots defined with 
column numbers always use 
the last data variable in the 
Data/Matrix Editor, even if 
that variable was not used 
to create the definition. 


Note: You can not use 
TI-89: (2nd) [Fé] 
TI-92 Plus: [F6 
to set a plot's display style. 
However, the plot definition 
lets you select the mark 
used for the plot. 


To Graph Plots and 
Y= Functions 
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Press [¢] [Y=] to display the Y= Editor. Initially, the nine stat plots are 
located “off the top” of the screen, above the y(x) functions. 
However, the PLOTS indicator provides some information. 


For example, PLOTS 23 
means that Plots 2&3 
are selected. 


Wie 3=, Prooseket 8 
Mal BAL AUTO FUNG 


To see the list of stat plots, use © to scroll above the y(x) functions. 


If a Plot is highlighted, this 
shows the data variable that 
will be used for the plots. 


If a Plot is defined, it shows ae 


the same shorthand 
notation as the Plot Setup Hal 
screen. 


bet O seed pce 
vyul=.075558-x% + -3 
fye="12.012451 + .081561-% 


RAD AUTO FUNC 


From the Y= Editor, you can perform most of the same operations on 
a stat plot as you can on any other y(x) function. 


To: Do this: 

Edit a plot Highlight the plot and press [F3]. You will see the 

definition same definition screen that is displayed in the 
Data/Matrix Editor. 

Select or deselect Highlight the plot and press [F4]. 

a plot 

Turn all plots Press [F5] and select the applicable item. You 

and/or functions can also use this menu to turn all functions on. 

off 


As necessary, you can select and graph stat plots and y(x) functions 
at the same time. The preview example at the beginning of this 
chapter graphs data points and their regression equations. 
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Graphing and Tracing a Defined Stat Plot 


Defining the Stat plots are displayed on the current graph, and they use the 
Viewing Window Window variables that are defined in the Window Editor. 


Use [+] [WINDOW] to display the Window Editor. You can either: 


¢ Enter appropriate values. 
—or— 

¢ Select 9:ZoomData from the [F2] Zoom toolbar menu. (Although you 
can use any zoom, ZoomData is optimized for stat plots.) 


Tip: (F2] Zoom is available ZoomData sets the viewing window to 


on the Y= Editor, Window display all statistical data points. 
Editor, and Graph screen. 


For histograms and box plots, only xmin 
and xmax are adjusted. If the top of a 
histogram is not shown, trace the 
histogram to find the value for ymax. 


Changing the Graph Press: GRAF FORMATS 


Coordinates... RECT + 


Format FI] 9 Grarh Ord 
Grid. OFF + 
— or — fies. OW+ 


TI-89: re fl Leqding Cursor OFF + 

* Labets.............. OFF 

TI-92 Plus: [¢]F 
from the Y= Editor, Window Editor, 

or Graph screen. 


SERS 


Then change the settings as 
necessary. 


Tracing a Stat Plot From the Graph screen, press [F3] to trace a plot. The movement of 
the trace cursor depends on the Plot Type. 


Plot Type Description 
Note: When a stat plot is Scatter or xyline Tracing begins at the first data point. 
displayed, the Graph screen . . . 
does not automatically pan it Box plot Tracing begins at the median. Press © to trace to 
you trace off the left or right Q1 and minx. Press © to trace to Q3 and maxX. 
side of the screen. However, 
you can still press (ENTER) to Histogram The cursor moves from the top center of each bar, 
center the screen on the starting from the leftmost bar. 


trace cursor. 
When you press © or © to move to another plot or y(x) function, 


tracing moves to the current or beginning point on that plot (not to 
the nearest pixel). 
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Using Frequencies and Categories 


Example of a 
Frequency Column 


Tip: A frequency value of 0 
effectively removes the data 
point from analysis. 


Note: You can also use 
frequency values from a list 
variable instead of a 
column. 


Example of a 
Category Column 


In a data variable, you can use any column in the Data/Matrix Editor 
to specify a frequency value (or weight) for the data points on each 
row. A frequency value must be an integer = 0 if Calculation Type = 
OneVar or MedMed or if Plot Type = Box Plot. For other statistical 
calculations or plots, the frequency value can be any number > 0. 


For example, suppose you enter a student’s test scores, where: 
¢ The mid-semester exam is weighted twice as much as other tests. 
¢ The final exam is weighted three times as much. 


In the Data/Matrix Editor, you can enter the test scores and 
frequency values in two columns. 


Test scores 
Frequency values 


These 
weighted scores 
are equivalent to 
the single column 
of scores listed to 

the right. 


Frequency of 2 


t— Frequency of 3 


To use frequency values, specify the frequency column when you 
perform a statistical calculation or define a stat plot. For example: 


ragindakad Calcutate 


Set this to YES. 


a 
Cakegdors. . 
e InecIuds Cabedorices.... [Ee 


Caer ie Em] 
name) that 


contains the 
frequency values. 


In a data variable, you can use any column to specify a category (or 
subset) value for the data points on each row. A category value can 
be any number. 
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Suppose you enter the test scores from a class that has 10th and 11th 
grade students. You want to analyze the scores for the whole class, 
but you also want to analyze categories such as 10th grade girls, 10th 
grade boys, 10th grade girls and boys, etc. 


First, determine the category values you want to use. 


Note: You do not need a Category Value Used to indicate: 
category value for the whole =§$ — A —$A —_ _ 
class. Also, you do not need 1 10th grade girl 
category values for all 10th 2 10th grade boy 
graders or all 11th graders 3 11th grade girl 
since they are combinations 
of other categories. 4 11th grade boy 
-—Test scores 
-—Category values 
In the Data/Matrix Editor, you 
can enter the scores and the Cc. 
category values in two columns. 1 
92 2 
90 2 
79 4 
92 4 
3 
1 
Note: You can also use To use category values, specify the category column and the 


category values from a list 


C . category values to include in the analysis when you perform a 
variable instead of a 


statistical calculation or define a stat plot. 


column. 
i mainkdakad Calculake 4 
Calculation THRs. One ar + 
E ery pol 
Set this to YES. Frevand Cateaovies? YES 
ts 
Type the column Category : 
number (or list fy Include Catedories.... [EL.e2 
Headlines \_< Ener > <EECHNEEL > 
category values. ‘_ Within braces { }, type the category 
values to use, separated by commas. (Do 
not type a column number or list name.) 
To analyze: Include Categories: 
Note: To analyze the whole —_ 10th grade girls {1} 
class, leave the Category 10th ar 2 
input box blank. Any i 9 ie oe db i 
category values are ignored. th grade gis ancDOys {1,2} 
11th grade girls {3} 
11th grade boys {4} 
11th grade girls and boys {3,4} 
all girls (10th and 11th) {1,3} 
all boys (10th and 11th) {2,4} 
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If You Have a CBL 2/CBL or CBR 


How CBL 2/CBL 
Data Is Stored 


Note: For specifics about 
using the CBL 2/CBL and 
retrieving data to the 
TI-89 / TI-92 Plus, refer to 
the guidebook that comes 
with the CBL 2/CBL unit. 


Referring to the 
CBL 2/CBL Lists 


When you collect data with the CBL 2/CBL, that data is initially 
stored in the CBL 2/CBL unit itself. You must then retrieve the data 
(transfer it to the TI-89 / TI-92 Plus) by using the Get command, which 
is described in Appendix A. 


Although each set of retrieved data can be stored in several variable 
types (list, real, matrix, pic), using list variables makes it easier to 
perform statistical calculations. 


When you transfer the collected information to the TI-89 / TI-92 Plus, 
you can specify the list variable names that you want to use. For 
example, you can use the CBL 2/CBL to collect temperature data 
over a period of time. When you transfer the data, suppose you store: 


¢« Temperature data in a list variable called temp. 
¢ Time data in a list variable called time. 


After you store the CBL 2/CBL information on the TI-89 / TI-92 Plus, 
there are two ways to use the CBL 2/CBL list variables. 


When you perform a statistical calculation or define a plot, you can 
refer explicitly to the CBL 2/CBL list variables. For example: 


Paginkteried Catcu abe 
Calculation Tyr Linked + 


ie Type the CBL list 
[icra variable name instead 


see NONE of a column number. 
Fred and Catedorics? MOF 
Ff 


Enter=sAve ESCocANcel 3s 
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Creating a Data 
Variable with the 
CBL 2/CBL Lists 


Tip: To define or clear a 
column header, use [F4). 
more information, refer to 
Chapter 15. 


CBR 


For 


You can create a new data variable that consists of the necessary 
CBL 2/CBL list variables. 


¢ From the Home screen or a program, use the NewData command. 


NewData dataVar, list [,list2 ] [,list3 ] ... 


| CBL list variable names. In the new 
data variable, list1 will be copied to 
column 1, list 2 to column 2, etc. 


Name of the new data variable that 
you want to create. 


For example: 
NewData temp1, time, temp 


creates a data variable called temp1 in which time is in column 1 
and temp is in column 2. 


¢ From the Data/Matrix Editor, create a new, empty data variable 
with the applicable name. For each CBL 2/CBL list that you want 
to include, define a column header as that list name. 


For example, define 
column 1 as time, 
column 2 as temp. 


rs | 
o1,Title="TIME" 


MAIN MB RAD AUTO FUME 


At this point, the columns are linked to the CBL 2/CBL lists. If the 
lists are changed, the columns will be updated automatically. 
However, if the lists are deleted, the data will be lost. 


To make the data variable independent of the CBL 2/CBL lists, 
clear the column header for each column. The information 
remains in the column, but the column is no longer linked to the 
CBL 2/CBL list. 


You can also use the Calculator-Based Ranger™(CBR™) to explore 
the mathematical and scientific relationships between distance, 
velocity, acceleration, and time using data collected from activities 
you perform. 
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Programming 


Note: For details and 
examples of any 

TI-89 / TI-92 Plus program 
command mentioned in this 
chapter, refer to 

Appendix A. 


Preview of ProgramMing...........cccecceseceseseeeeeeeeeeeeeeeeeseeeeeeeaeeeteesseeaeeeeee 276 
Running an Existing Program... seseeeeeeeeeeeeeeeeeeeeseeeeeeeeeeaeeeeee 278 
Starting a Program Editor SeSSiON........... cc eeeeeseeeeeeeeeeeeeeeeeeeeeeeeaeeeeee 280 
Overview of Entering a Program..... ...282 
Overview of Entering a Function.... .. 285 
Calling One Program from Another ./287 
Using Variables in a Program. ....... .. 288 
Using Local Variables in Functions or Programs . .. 290 
SUING Operations a scccssciecsscascisscavssatcesacsssssenssstesaxeassazsazsassisacaasbasazeaessoaaced 292 
CONnGON Al Tests. scsccsscctersesscponssetasssisasssagstebincaxssehesssnsesssgpaaasaseosvassaaiones 294 
Using If, Lbl, and Goto to Control Program FIOW.......... cesses 295 
Using Loops to Repeat a Group of Commands. .........eeeeeeeeteeeeees 297 
Configuring the TI-89 / TI-92 Plus... eee .. 800 
Getting Input from the User and Displaying Output .. . B01 
Creating a Custom Menu ..........cececeeseeeeeeeeeteeeeeeee .. 303 
Creating a Table or Graph sis tsscsiciaiscrttetiacscsateanstintiaidssaavteadeessssetciese 305 
Drawing on the Graph Screen .........eceeeseeseeeeeeeseeeeeeeeeeeeeeseeeteeeeeeaeeeee 307 
Accessing Another TI-89 / TI-92 Plus, a CBL 2/CBL, or a CBR.......... 309 
Debugging Programs and Handling EYrors............ececeseseeeeeeeeeeeeeeee 310 


Example: Using Alternative Approaches. i 
Assembly-Language Programs ...........ccsesceeesseseeseescseeeeeeseceeeeceeneeeeeees 


This chapter describes how to use the TI-89 / TI-92 Plus’s Program 
Editor to create your own programs or functions. 


For 
restslcontrodafiarlrina..eode] 
iphes 


Prom 
iReauest "Enter an integer 


a prinjen 
'Q+ euP 
Ae i; nl 
: enpeis erp 
?EndF 
Dis heme 
'EndPrar 


MAIN RAD AUTO 


The chapter includes: 


¢ Specific instructions on using the Program Editor itself and 
running an existing program. 
An overview of fundamental programming techniques such as 
If...Endlf structures and various kinds of loops. 


Reference information that categorizes the available program 
commands. 


Obtaining and running assembly-language programs. 
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Preview of Programming 


Steps 


1. Start a new program on the 
Program Editor. 


2. Type PROG1 (with no spaces) as 
the name of the new program 
variable. 


Display 


AP LICATIONS 
'FlashHpps... *APPS 
ie Editor 
i Window Editor 


ditor - 
= r 


1Lor 


Tyrac: Frodram + 
Folder: ridin + 


variable: 
Enter=Ok, ESCSCANCEL 


ENTER 


3. Display the “template” for a new 
program. The program name, 
Prgm, and EndPrgm are shown 
automatically. 


After typing in an input box such as 
Variable, you must press [ENTER] twice 


iType the 


4. Type the following program ype the : 
lines. program lines 
Request “Enter an ias shown. 
integer",n : Press [ENTER 
’ : 
Displays a dialog box that dat the end of 
prompts “Enter an integer’, waits zeach line. 


for the user to enter a value, and 
stores it (as a string) to variable n 


expr(n)>n 


Converts the string to a numeric 
expression. 


0>temp 


Creates a variable named temp 
and initializes it to 0. 


For i,1,nol 


Starts a For loop based on 
variable i. First time through the 
loop, i = 1. At end of loop, i is 
incremented by 1. Loop continue 
until i > n. 


tempt+i>temp 

Adds current value of i to temp. 
EndFor 

Marks the end of the For loop. 


Disp temp 
Displays the final value of temp. 
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i(Fir |. Fe- jre\re]_ Fs | Fe~ 
Teots|Contrel|iO|tar[Find.... Mode! 


rogie? 


i MaAIM RAD AUTO PAR 


Bprogic) 
rear 
Request, "Enter an integer 


exprtndsn 

OoLemp 

For i,l,n,l 
temptittemp 

EndF or 

Disp temp 


#EndPreom 


Steps 


5. Go to the Home screen. Enter 


the program name, followed by a 


set of parentheses. 


You must include ( ) even when there 


are no arguments for the program. 


The program displays a dialog box 
with the prompt specified in the 
program. 


6. Type 5 in the displayed dialog 
box. 


7. Continue with the program. The 
Disp command displays the 
result on the Program I/O 
screen. 

The result is the sum of the integers 
from 1 through 5. 


Although the Program I/O screen 
looks similar to the Home screen, it i. 
for program input and output only. 
You cannot perform calculations on 
the Program I/O screen. 


8. Leave the Program I/O screen 
and return to the Home screen. 


d) [Quit], or 


You can also press 
TI-89: [HOME 
TI-92 Plus: (#)[HOME 
to return to the Home screen. 


ESC], (2 


Fy 


HOME 


Ipha) 1 


nd] [a-lock] P RO G i 


ia [HOME] 


PROG 


ENTER 


ENTER 


Display 


progl() 


ilhi-| Fe |Fi-| Fr | FE Ta 
ilreots|atsebrajtate|gther|Prarald|Clean Ur 


2] enter an inteder: [E 


ill cEnterete > eCESt=CaNCEL 2 


i progit} 
2 [Mary 


RAG AUTO PAR PRET) 


ENTER 


ENTER 


iENTER 


iS 


~~] Output from other 
[programs may still be 
on the screen. 


i 15 — Result of integer 5. 


RAD AUTO PAR Eterd 


> [MAIN 


ihi-| fe |Fi-| Fr | FE Tae 
i lreots|atsebra|tate|gther|Praralg|Clean Ur 


Ao progiQ 


: Done 

/progies 

: MAIN RAG AUTO PAR PRET) 
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Running an Existing Program 


Running aProgram  Onthe Home screen: 
1. Type the name of the program. 


Tip: Use (2nd) [VAR-LINK] to list 2. You must always type a 


existing PRGM variables. set of parentheses after | Ei 
Proce (aah fo pata ts the name. es If arguments are not required 
name to the entry line. Some programs require uy) 

you to pass an argument Jerse eg) _________ 
Note: Arguments specify to the program. If arguments are required 
initial values for a program. 
Refer to page 283. 3. Press [ENTER]. 


When you run a program, the TI-89 / TI-92 Plus automatically checks 
for errors. For example, the following message is displayed if you: 


Note: The TI-89/TI-92 Plus * Donot enter () after the _ 
also checks for run-time program name. Hrdument error 
errors that are found within GED 
the program itself. Refer to This error message appears if you: = 
page 310. ERROR, 
¢ Do not enter enough arguments, Taiietas deaunieat 
if required. 


ESCECAMCEL 


To cancel program execution if an error occurs, press [ESC]. You can 
then correct any problems and run the program again. 


“Breaking” a When a program is running, the BUSY indicator is displayed in the 
Program status line. 


Press [ON] to stop program execution. A message is then displayed. 


¢ To display the program in the 
Program Editor, press [ENTER]. The era 
cursor appears at the command 


where the break occurred. 


¢ To cancel program execution, 
press [ESC]. 
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Where Is the Output 
Displayed? 


The Program I/O 
Screen 


Tip: To clear any previous 
output, enter the ClrIO 
command in your program. 
You can also execute ClrlO 
from the Home screen. 


Tip: If Home screen 
calculations don’t work after 
you run a program, you may 
be on the Program I/O 
screen. 


Leaving the 
Program I/O Screen 


¢ Display any other application screen (with [APPS 


Depending on the commands in the program, the TI-89 / TI-92 Plus 
automatically displays information on the applicable screen. 


¢ Most output and input commands use the Program I/O screen. 
(Input commands prompt the user to enter information.) 


¢ Graph-related commands typically use the Graph screen. 


After the program stops, the TI-89 / TI-92 Plus shows the last screen 
that was displayed. 


On the Program I/O screen, new output is displayed below any 
previous output (which may have been displayed earlier in the same 
program or a different program). After a full page of output, the 
previous output scrolls off the top of the screen. 


1 
3 
6 
1 
1 


g 
a] 


Last output 


MAIN FAD AUTO FRR EFL 


on the Program I/O screen: ————___ 
F5] toolbar is available; all 

others are dimmed. 
¢ There is no entry line. 


When a program stops on the Program I/O screen, you need to 
recognize that it is not the Home screen (although the two screens 
are similar). The Program I/O screen is used only to display output or 
to prompt the user for input. You cannot perform calculations on this 
screen. 


From the Program I/O screen: 


* Press [F5] to toggle between the Home screen and the Program I/O 
screen. 


=p 
* Press [ESC], [2nd] [QUIT] , or 
TI-89: [HOME 
TI-92 Plus: [¢ ] [HOME] 


to display the Home screen. 
—or— 


4 


, [¢J[Y=], etc.). 
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Starting a Program Editor Session 


Starting a New 
Program or 
Function 


Note: A program (or 
function) is saved 
automatically as you type. 
You do not need to save it 
manually before leaving the 
Program Editor, starting a 
new program, or opening a 
previous one. 
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1. Press [APPS] and then select 
7:Program Editor. 


2. Select 3:New. 


3. Specify the applicable 


information for the new 
program or function. 


APPLICATIONS 


indow 
raph 


tec eae a 
in 


lashAprs... 
= Editor” 
Editor 


+APPS 


THRE: 
Folder: 


Program > 
main + 


Variable: 


Enter=Ok 


ESCECAMCEL 


Select the folder in which the new program or 


function will be stored. For information about 


Item Lets you: 
Type Select whether to create a 
new program or function. 
Folder 
folders, refer to Chapter 5. 
Variable 


Type a variable name for the program or function. 


If you specify a variable that already exists, an error 


message will be displayed when you press 


When you press 


error, the NEW dialog box is redisplayed. 


ENTER}. 


ESC] or [ENTER] to acknowledge the 


4. Press (ENTER 


(after typing in an input box such as Variable, you 


must press [ENTER] twice) to display an empty “template.” 


Fi- Fer > F4 FE For 
arr THOS Comer OTe Oe Find... Pods 
This is the template fora t———+4progit3 


program. Functions have 
a similar template. 


'Preom 
?EndPran 


Mal KAD AUTO FRE 


You can now use the Program Editor as described in the 
remaining sections of this chapter. 
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Resuming the 
Current Program 


Starting a New 
Program from the 
Program Editor 


Opening a Previous 
Program 


Note: By default, Variable 
shows the first existing 
program or function in 
alphabetical order. 


Copying a Program 


Note about 
Deleting a Program 


You can leave the Program Editor and go to another application at 


any time. To return to the program or function that was displayed 


when you left the Program Editor, press [APPS] 7 and select 1:Current. 


To leave the current program or function and start a new one: 


1. Press [Fi] and select 3:New. 


2. Specify the type, folder, and 
variable for the new program or 
function. 


3. Press [ENTER] twice. 


‘Delete 
Clear Editor 


You can open a previously created program or function at any time. 


1. From within the Program Editor, press [F1 


—or— 
From another application, press 


2. Select the applicable type, 
folder, and variable. 


3. Press [ENTER]. 


APPS] 7 and select 2:Open. 


f OFEN y 


and select 1:Open. 


THR GE Program > 
Folder: maine 
Variable: best + 


Enter=OkK 


ESCECHMCEL 


In some cases, you may want to copy a program or function so that 
you can edit the copy while retaining the original. 


1. Display the program or function you want to copy. 


. Press [F1 


. Press [ENTER] twice. 


Because all Program Editor sessions are saved automatically, you 


2 and select 2:Save Copy As. 
3. Specify the folder and variable for the copy. 
4 


can accumulate quite a few previous programs and functions, which 


take up memory storage space. 


To delete programs and functions, use the VAR-LINK screen 
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((2nd) [VAR-LINK]). For information about VAR-LINK, refer to Chapter 21. 
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Overview of Entering a Program 


Entering and Editing 
Program Lines 


Note: Use the cursor pad to 
scroll through the program 
for entering or editing 
commands. Use [+] © or 
[+] © to go to the top or 
bottom of a program, 
respectively. 


Note: Entering a command 
does not execute that 
commana. It is not executed 
until you run the program. 


Entering Multi- 
Command Lines 


Entering Comments 


Tip: Use comments to enter 
information that is useful to 
someone reading the 
program code. 


On a blank template, you can begin entering commands for your new 


program. 


. Fi- Fer i{F4q FE For 
Program name, which you —_ [festsfeconteorfi/avar|eina.. [rote 
specify when you create a Tprog 
new program. cers 

ie 'EndPran 

Enter your program 
commands between Prgm 
and EndPrgm. 
All program lines begin HAI RAD‘AUTO “FAR 


with a colon. 


You enter and edit program commands in the Program Editor by 
using the same techniques used to enter and edit text in the Text 
Editor. Refer to “Entering and Editing Text” in Chapter 18. 


After typing each program line, press [ENTER]. This inserts a new blank 
line and lets you continue entering another line. A program line can 
be longer than one line on the screen; if so, it will wrap to the next 
screen line automatically. 


To enter more than one command on the same line, separate them 
with a colon by pressing [2nd] [:]. 


A comment symbol (@) lets you enter a remark in a program. When 
you run the program, all characters to the right of @ are ignored. 


:progl() 

:Prgm 

:@Displays sum of 1 thru n 

:Request "Enter an integer",n 
:expr(n)>n:@Convert to numeric expression 


Description of the 
program. 


Description of expr. 


To enter the comment symbol, press: 


¢ TI-89: [+] D 
TI-92 Plus: [2nd] X 
ori 

* Press [F2] and select 9:@ 
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Controlling the Flow 
of a Program 


Tip: For information, refer to 
pages 295 and 297. 


Using Indentation 


Displaying 
Calculated Results 


Tip: For a list of available 
output commands, refer to 
page 302. 


Getting Values into 
a Program 


Tip: For a list of available 
input commands, refer to 
page 301. 


When you run a program, the program lines are executed in 
sequential order. However, some commands alter the program flow. 
For example: 


For more complex programs that 


Control structures such as If...Endlf commands use a conditional 
test to decide which part of a program to execute. 


Loops commands such as For...EndFor repeat a group of 


commands. 


use If...Endlf and loop structures 


such as For...EndFor, you can make 


the programs easier to read and 
understand by using indentation. 


:If x>5 Then 

Disp "x is > 5" 
:Else 
: Disp "x is < or = 5" 
:EndIf 


In a program, calculated results are not displayed unless you use an 
output command. This is an important difference between 
performing a calculation on the Home screen and in a program. 


These calculations will not display 
a result in a program (although they 


will on the Home screen). 


Output commands such as Disp will 


display a result in a program. 


Displaying a calculation result does 
not store that result. If you need to 
refer to a result later, store it toa 


variable. 


:12* 6 
:cos(n/4) 
:solve(x*2- x- 2=0,x) 


:Disp 12*6 
:Disp cos(n/4) 
:Disp solve(x*2- x- 2=0,x) 


:cos(n/4)>maximum 
:Disp maximum 


To input values into a program, you can: 


Require the users to store a value (with [STO>] ) to the necessary 
variables before running the program. The program can then refer 


to these variables. 


Enter the values directly into 
the program itself. 


Include input commands that 
prompt the users to enter the 
necessary values when they 
run the program. 


Require the users to pass one 
or more values to the 
program when they run it. 


:Disp 12*6 
:cos(n/4)> maximum 


:Input "Enter a value",i 
:Request "Enter an integer",n 


prog1(3,5) 
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Example of Passing 
Values to a Program 


The following program draws a circle on the Graph screen and then 
draws a horizontal line across the top of the circle. Three values 


must be passed to the program: x and y coordinates for the circle’s 
center and the radius r. 


Note: In this example, you 
cannot use circle as the 
program name because it 
conflicts with a command 
name. 


Note: This example 
assumes that the user 
enters values that can be 
displayed by the viewing 
window set up by ZoomStd 
and ZoomSar. 
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When you write the program in the Program Editor: 


In the () beside the program 
name, specify the variables 
that will be used to store the 
passed values. 


Notice that the program also 
contains commands that set 
up the Graph screen. 


:circ(x, 
:Prgm 
:FnOff 
:ZoomStd 
:ZoomSqr 
:Circle 
:LineHor 
:EndPrgm 


yor) 

[es— 3 Only cire() is 
initially displayed 
on the blank 
template; be sure 
to edit this line. 

XsYor 
z ytr 


Before drawing the circle, the program turns off any selected 
Y= Editor functions, displays a standard viewing window, and 


“squares” the window. 


To run the program from the Home screen: 


circ(0,0,5) 


The user must specify the 
applicable values as 
arguments within the ( ). 


The arguments, in order, are 
passed to the program. 
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L Passed to r. 
‘_ Passed to y. 
Passed to x. 
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Overview of Entering a Function 


Why Create a User- 
Defined Function? 


Note: You can create a 
function from the Home 
screen (see Chapter 5), but 
the Program Editor is more 
convenient for complex, 
multi-line functions. 


Differences 
Between Functions 
and Programs 


Tip: For information about 
local variables, refer to 
pages 288 and 290. 


Functions (as well as programs) are ideal for repetitive calculations 
or tasks. You only need to write the function once. Then you can 
reuse it as many times as necessary. Functions, however, have some 
advantages over programs. 


You can create functions that expand on the TI-89 / TI-92 Plus’s 
built-in functions. You can then use the new functions the same 
as any other function. 


Functions return values that can be graphed or entered in a table; 
programs cannot. 


You can use a function (but not a program) within an expression. 
For example: 3* func1(3) is valid, but not 3* prog1(3). 


Because you pass arguments to a function, you can write generic 
functions that are not tied to specific variable names. 


This guidebook sometimes uses the word command as a generic 
reference to instructions and functions. When writing a function, 
however, you must differentiate between instructions and functions. 


A user-defined function: 


Can use the following instructions only. Any others are invalid. 


Cycle Define Exit 

For...EndFor Goto If...Endlf (all forms) 
Lbl Local Loop...EndLoop 
Return While...EndWhile > ((ST0>) key) 


Can use all built-in TI-89 / TI-92 Plus functions except: 


setFold setGraph setMode 
setTable switch 


Can refer to any variable; however, it can store a value to a local 
variable only. 


— The arguments used to pass values to a function are treated as 
local variables automatically. If you store to any other 
variables, you must declare them as local from within the 
function. 


Cannot call a program as a subroutine, but it can call another 
user-defined function. 


Cannot define a program. 


Cannot define a global function, but it can define a local function. 
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Entering a Function 


Note: Use the cursor pad to 
scroll through the function 
for entering or editing 
commands. 


How to Return a 
Value from a 
Function 


Note: This example 
calculates the cube if x>0; 
otherwise, it returns a 0. 


Example of a 
Function 


Note: Because x and y in 
the function are local, they 
are not affected by any 
existing x or y variable. 


When you create a new function in the Program Editor, the 
TI-89 / TI-92 Plus displays a blank “template”. 


Function name, which you 
specify when you create a OS : 


f TUG j aT 
new function. -—|:Func ' Be sure to edit this line to 


include any necessary 
arguments. Remember to 
use argument names in 
the definition that will 
never be used when 
calling the function. 

RAD AUTO FAR 


ane PEndFurc 


Enter your commands 
between Func and 
EndFunc. 


All function lines begin 
with a colon. Mal 


If the function requires input, one or more values must be passed to 
the function. (A user-defined function can store to local variables 
only, and it cannot use instructions that prompt the user for input.) 


There are two ways to return a value from a function: 


¢ As the last line in the function :cube(x) 
(before EndFunc), calculate the :Func 
value to be returned. iX%3 
:EndFunc 
¢ Use Return. This is useful for :cube(x) 
exiting a function and returning :Func 
a value at some point other than :If x<0 
the end of the function. = rn 0 
ax* 
:EndFunc 


The argument x is automatically treated as a local variable. However, 
if the example needed another variable, the function would need to 
declare it as local by using the Local command (pages 288 and 290). 


There is an implied Return at the end of the function. If the last line is 
not an expression, an error occurs. 


The following function returns the xth root of a value y ( Vy ). Two 
values must be passed to the function: x and y. 


Function as defined in 


Function as called from the Home Screen __ the Program Editor 


3>x:125>y 
| y 
4* xroot(3,125) 20 :xroot(x,y) 
—— :Func 
t 5 sy*(1/x) 
:EndFunc 
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Calling One Program from Another 


Calling a Separate 
Program 


Calling an Internal 
Subroutine 


Tip: Use the Program 
Editor's [F4] Var toolbar 
menu to enter the Define 
and Prgm...EndPrgm 
commands. 


Notes about Using 
Subroutines 


To call a separate program, use the same syntax used to run the 
program from the Home screen. 


:subtest1() ——————»_ :Subtest2(x,y) 

:Prgm :Prgm 

:For 1,1,4,1 : Disp x,y 
subtest2(i,i* 1000) :EndPrgm 

:EndFor 

:EndPrgm 


To define an internal subroutine, use the Define command with 
Prgm...EndPrgm. Because a subroutine must be defined before it can 
be called, it is a good practice to define subroutines at the beginning 
of the main program. 


An internal subroutine is called and executed in the same way as a 
separate program. 


Declares the subroutine :subtest1() 
as a local variable. a ee :Prgm 
:local subtest2 
-— :Define subtest2(x,y)=Prgm 
Defines the subroutine. ——————+ : Disp x,y 
'__ :EndPrgm 
:@Beginning of main program 
:For 1,1,4,1 
: subtest2(i,i* 1000) 
Calls the subroutine. ————___ “EndFor 
:EndPrgm 


At the end of a subroutine, execution returns to the calling program. 
To exit a subroutine at any other time, use the Return command. 


A subroutine cannot access local variables declared in the calling 
program. Likewise, the calling program cannot access local variables 
declared in a subroutine. 


LbI commands are local to the programs in which they are located. 
Therefore, a Goto command in the calling program cannot branch to 
a label in a subroutine or vice versa. 
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Using Variables in a Program 


Scope of Variables Scope 


System 
(Global) 
Variables 


Note: For information about — Folder 
folders, refer to Chapter 5. Variables 


Note: If a program has local _Local 
variables, a graphed Variables 
function cannot access 
them. For example: 
Local a 
5? a 
Graph a* cos(x) 
may display an error or an 
unexpected result (if a is an 
existing variable in the 
current folder). 


Description 


Variables with reserved names that are created 
automatically to store data about the state of the 
TI-89 / TI-92 Plus. For example, Window variables 
(xmin, xmax, ymin, ymax, etc.) are globally available 
from any folder. 


¢ You can always refer to these variables by using 
the variable name only, regardless of the current 
folder. 


« A program cannot create system variables, but it 
can use the values and (in most cases) store new 
values. 


Variables that are stored in a particular folder. 


¢ Ifyou store to a variable name only, it is stored in 
the current folder. For example: 


5> start 


¢ Ifyou refer to a variable name only, that variable 
must be in the current folder. Otherwise, it cannot 
be found (even if the variable exists in a different 
folder). 


¢ To store or refer to a variable in another folder, 
you must specify a path name. For example: 
5> class\start 
L Variable name 


Folder name 


After the program stops, any folder variables created 
by the program still exist and still take up memory. 


Temporary variables that exist only while a program is 
running. When the program stops, local variables are 
deleted automatically. 


¢ To create a local variable in a program, use the 
Local command to declare the variable. 


¢ A local variable is treated as unique even if there is 
an existing folder variable with the same name. 


¢ Local variables are ideal for temporarily storing 
values that you do not want to save. 
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Circular Definition 
Errors 


Variable-Related 
Commands 


Note: The Define, DelVar, 
and Local commands are 
available from the Program 
Editor's (F4) Var toolbar 
menu. 


When evaluating a user-defined function or running a program, you 
can specify an argument that includes the same variable that was 
used to define the function or create the program. However, to avoid 
Circular definition errors, you must assign a value for x or i variables 
that are used in evaluating the function or running the program. 

For example: 


xX+1>x 

Causes a Circular definition error message if x 
= Or = or i does not have a value. The error does not 
For i,i,10,1 occur if x ori has already been assigned a value. 


Disp i 

EndFor 

Command Description 

STO>] key Stores a value to a variable. As on the Home screen, 
pressing [STO>] enters a > symbol. 

Archive Moves specified variables from RAM to user data 
archive memory. 

BldData Lets you create a data variable based on the graph 
information entered in the Y=Editor, Window 
Editor, etc. 

CopyVar Copies the contents of a variable. 

Define Defines a program (subroutine) or function variable 
within a program. 

DelFold Deletes a folder. All variables in that folder must be 
deleted first. 

DelVar Deletes a variable. 

getFold Returns the name of the current folder. 

getType Returns a string that indicates the data type (EXPR, 
LIST, etc.) of a variable. 

Local Declares one or more variables as local variables. 

Lock Locks a variable so that it cannot be accidentally 
changed or deleted without first being unlocked. 

MoveVar Moves a variable from one folder to another. 

NewData Creates a data variable whose columns consist of a 
series of specified lists. 

NewFold Creates a new folder. 

NewPic Creates a picture variable based on a matrix. 

Rename Renames a variable. 

Unarchiv Moves specified variables from user data archive 
memory to RAM. 

Unlock Unlocks a locked variable. 
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Using Local Variables in Functions or Programs 


Example of a Local 
Variable 


Tip: As often as possible, 
use local variables for any 
variable that is used only 
within a program and does 
not need to be stored after 
the program stops. 


What Causes an 
Undefined Variable 
Error Message? 


You Must Initialize 
Local Variables 


The following program segment shows a For...EndFor loop (which is 
discussed later in this chapter). The variable i is the loop counter. In 
most cases, the variable i is used only while the program is running. 


Declares variable i as local. —————— _: Local i 
:For 71,0,5,1 
Disp i 
:EndFor 
:Disp i 


If you declare variable i as local, it is deleted automatically when the 
program stops so that it does not use up memory. 


An Undefined variable error message displays when you evaluate a 
user-defined function or run a user-defined program that references 
a local variable that is not initialized (assigned a value). 


This example is a multi-statement function, rather than a program. 
Line breaks are shown here, but you would type the text in the entry 
line as one continuous line, such as: Define fact(n)=Func:Local... 
where the ellipsis indicates the entry line text continues off-screen. 


For example: 


Define fact(n)=Func: 
Local m: ————— Local variable m is not assigned an 
While n>1: initial value. 
n*m>m: n-1>n: 
EndWhile: 
Return m: 
EndFunc 


In the example above, the local variable m exists independently of 
any variable m that exists outside of the function. 


All local variables must be assigned an initial value before they are 
referenced. 


Define fact(n)=Func: 
Local m: 1>m: t———— 1 is stored as the initial value for m. 
While n>1: 
n*m>m: n-1>n: 
EndWhile: 
Return m: 
EndFunc 


The TI-89 / TI-92 Plus cannot use a local variable to perform symbolic 
calculations. 
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To Perform If you want a function or program to perform symbolic calculations, 

Symbolic you must use a global variable instead of a local. However, you must 

Calculations be certain that the global variable does not already exist outside of 
the program. The following methods can help. 


¢ Refer to a global variable name, typically with two or more 
characters, that is not likely to exist outside of the function or 
program. 


¢ Include DelVar within the function or program to delete the global 
variable, if it exists, before referring to it. (DelVar does not delete 
locked or archived variables. ) 
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String Operations 


How Strings Are 
Used 


A string is a sequence of characters enclosed in "quotes". In 
programming, strings allow the program to display information or 
prompt the user to perform some action. For example: 


Disp "The result is",answer 
—or— 

Input "Enter the angle in degrees",angl 
—or— 

"Enter the angle in degrees”>strl 

Input stri,angl 


Some input commands (such as InputStr) automatically store user 
input as a string and do not require the user to enter quotation 
marks. 


A string cannot be evaluated mathematically, even if it appears to be 
a numeric expression. For example, the string "61" represents the 
characters "6" and "1", not the number 61. 


Although you cannot use a string such as "61" or "2x+4" ina 
calculation, you can convert a string into a numeric expression by 
using the expr command. 
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String Commands 


Note: See Appendix A for 
syntax for all TI-89 / TI-92 Plus 
commands and functions. 


Command 


dim 


expr 


format 


inString 


left 


mid 


ord 


right 


rotate 


shift 


string 


Description 


Converts a string into a variable name. This is called 
indirection. 


Appends (concatenates) two strings into one string. 


Returns the character that corresponds to a 
specified character code. This is the opposite of the 
ord command. 


Returns the number of characters in a string. 


Converts a string into an expression and executes 
that expression. This is the opposite of the string 
command. 


Important: Some user input commands store the 
entered value as a string. Before you can perform a 
mathematical operation on that value, you must 
convert it to a numeric expression. 


Returns an expression as a character string based 
on the format template (fixed, scientific, 
engineering, etc.) 


Searches a string to see if it contains a specified 
substring. If so, inString returns the character 
position where the first occurrence of the substring 
begins. 


Returns a specified number of characters from the 
left side (beginning) of a string. 


Returns a specified number of characters from any 
position within a string. 


Returns the character code of the first character 
within a string. This is the opposite of the char 
command. 


Returns a specified number of characters from the 
right side (end) of a string. 


Rotates the characters in a string. The default is -1 
(rotate right one character). 


Shifts the characters in a string and replaces them 
with spaces. The default is -1 (shift right one 
character and replace with one space). Examples: 
shift("abcde",2)=>"cde " and shift("abcde")=>" abcd" 


Converts a numeric expression into a string. This is 
the opposite of the expr command. 
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Conditional Tests 


Entering a Test 
Operator 


Relational Tests 


Tip: From the keyboard, 
you can type: 

>= for 2 

<= for < 

/= for # 

(To get the / character, 
press [=].) 


Boolean Tests 


The Not Function 


«Press [2nd] [MATH] and select 


¢ Type the operator directly from the keyboard. 


— or — 


8:Test. Then select the 
operator from the menu. 
—or— 

¢ Display the built-in functions. 
Press: 
TI-89: [CATALOG 
TI-92 Plus: [2nd] [CATALOG] 
The test operators are listed 
near the bottom of the 

F2} Built-in menu. 


Relational operators let you define a conditional test that compares 
two values. The values can be numbers, expressions, lists, or 
matrices (but they must match in type and dimension). 


Operator True if: Example 

> Greater than a>8 

< Less than a<0 

> Greater than or equal to a+b2100 

< Less than or equal to a+6<b+1 

= Equal list1 =list2 
Not equal to mat1#mat2 


Boolean operators let you combine the results of two separate tests. 


Operator True if: Example 

and Both tests are true a>0 and a<10 

or At least one test is true a<0 or b+c>10 
xor One test is true and the a+6<b+1 xor c<d 


other is false 


The not function changes the result of a test from true to false and 
vice versa. For example: 


not x>2 is true if x<2 
false if x>2 


Note: If you use not from the Home screen, it is shown as ~ in the 
history area. For example, not x>2 is shown as ~(x>2). 
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Using If, LbIl, and Goto to Control Program Flow 


Control Toolbar 
Menu 


If Command 


Tip: Use indentation to 
make your programs easier 
to read and understand. 


If... Then...Endlf 
Structures 


Note: Endlf marks the end 
of the Then block that is 
executed if the condition is 
true. 


To enter If...Endlf structures, use 
the Program Editor’s [F2] Control 
toolbar menu. 


'For.EndFor 
Thlhile..Erdlhi le 
= Loop...EndLoop 

' Custom, —ndlustm 
4tTransfers. b 


The If command is available 
directly from the [F2] menu. 


en. lee. 
i elf... Ther 

: ry. Else Prd 

Pi CoS Lon, ero custo 


To see a submenu that lists other 
If structures, select 2:If... Then. 


3. Transfers a 
When you select a structure suchas -—:If | Then 
If... Then...Endlf, a template is “EndIf 
inserted at the cursor location. ee 


‘The cursor is positioned so 
that you can enter a 
conditional test. 


To execute only one command if a conditional test is true, use the 
general form: 


Executed only if x>5; “If x5 
otherwise, skipped. : Disp "x is greater than 5" 
Always displays the value of x. :Disp x 


In this example, you must store a value to x before executing the 
If command. 


To execute multiple commands if a conditional test is true, use the 
structure: 


:If x>5 Then 
Executed only if >. peep fae te: aheaney ana Se 
2* X>X 
:EndIf 
Displays value of: :Disp x 
© 2x if x>5. 
exif x<5. 
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If... Then...Else... 
Endif Structures 


If... Then...Elself... 


Endlf Structures 


LbI and Goto 
Commands 


To execute one group of commands if a conditional test is true and a 
different group if the condition is false, use this structure: 


:If x>5 Then 
Executed only if x>5. ——+ Bee ere 
2* X>X 
:Else 
: Disp "x is less than or 
Executed only if xs5. ——J equal to 5" 
5* X>X 
:EndIf 
Displays value of: ————_ :Disp x 
© 2x if x>5. 
e 5x if x5. 


A more complex form of the If command lets you test a series of 
conditions. Suppose your program prompts the user for a number 
that corresponds to one of four options. To test for each option 
(If Choice=1, If Choice = 2, etc.), use the If... Then...Elself...Endlf 
structure. 


Refer to Appendix A for more information and an example. 


You can also control the flow of your program by using Lbl (label) 
and Goto commands. 


Use the LbI command to label (assign a name to) a particular 
location in the program. 


Lbl labelName 


LL name to assign to this location (use the same 
naming convention as a variable name) 


You can then use the Goto command at any point in the program to 
branch to the location that corresponds to the specified label. 


Goto labelName 
LL specifies which LbIl command to branch to 
Because a Goto command is unconditional (it always branches to the 


specified label), it is often used with an If command so that you can 
specify a conditional test. For example: 


rf x>5 
If x>5, branches directly to ————_ : Goto GT5 
label GT5. :Disp x 


For this example, the program —— :-------- 
must include commands (such :Lbl GT5 
as Stop) that prevent LbI GT5 


from being executed if x<5. :Disp "The number was > 5” 
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Using Loops to Repeat a Group of Commands 


Control Toolbar 
Menu 


Note: A loop command 
marks the start of the loop. 
The corresponding End 
command marks the end of 
the loop. 


For...EndFor Loops 


Note: The ending value can 
be less than the beginning 
value, but the increment 
must be negative. 


Note: The For command 
automatically increments the 
counter variable so that the 
program can exit the loop 
after a certain number of 
repetitions. 


To enter most of the loop-related 
commands, use the Program 
Editor’s [F2] Control toolbar menu. 


STransfers 


When you select a loop, the loop 
command and its corresponding 
End command are inserted at the 
cursor location. 


:For | 
:EndFor 
If the loop requires 


arguments, the cursor is 
positioned after the command. 


You can then begin entering the commands that will be executed in 
the loop. 


A For...EndFor loop uses a counter to control the number of times 
the loop is repeated. The syntax of the For command is: 


For(variable, begin, end [, increment]) 


es added to the counter each subsequent time 
For is executed (If this optional value is 
omitted, the increment is 1.) 


exits the loop when variable exceeds this value 
counter value used the first time For is executed 
variable used as a counter 


When For is executed, the variable value is compared to the end 
value. If variable does not exceed end, the loop is executed; 
otherwise, program control jumps to the command following EndFor. 


a— 


\_» 


i>5 i<5 


At the end of the loop (EndFor), program control jumps back to the 
For command, where variable is incremented and compared to end. 
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Tip: You can declare the 
counter variable as local 
(pages 288 and 290) if it 
does not need to be saved 
after the program stops. 


While...EndWhile 
Loops 


Note: The While command 
does not automatically 
change the condition. You 
must include commands 
that allow the program to 
exit the loop. 


For example: 


:For 1,0,5,1 
Displays 0, 1, 2, 3,4, and5. ———: Disp i 

:EndFor 
Displays 6. When variable ———— :Disp i 


increments to 6, the loop 
is not executed. 


A While...EndWhile loop repeats a block of commands as long as a 
specified condition is true. The syntax of the While command is: 


While condition 


When While is executed, the condition is evaluated. If condition is 
true, the loop is executed; otherwise, program control jumps to the 
command following EndWhile. 


—— :While x<5 <_ 
& 2eteaes 


x25 x<5 


At the end of the loop (EndWhile), program control jumps back to 
the While command, where condition is re-evaluated. 


To execute the loop the first time, the condition must initially be 
true. 


e Any variables referenced in the condition must be set before the 
While command. (You can build the values into the program or 
prompt the user to enter the values.) 


¢ The loop must contain commands that change the values in the 
condition, eventually causing it to be false. Otherwise, the 
condition is always true and the program cannot exit the loop 
(called an infinite loop). 


For example: 


Initially sets x. —————_—————_—___ ; 09> x 
:While x<5 
Displays 0, 1, 2,3, and4. t——— : Disp x 
Increments x. ——————— :_ x 1> x 
:EndWhile 
Displays 5. When x —— Disp x 


increments to 5, the loop is 


not executed. 
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Loop...EndLoop 
Loops 


Note: The Exit command 


exits from the current loop. 


Repeating a Loop 
Immediately 


LbI and Goto 
Loops 


A Loop...EndLoop creates an infinite loop, which is repeated 
endlessly. The Loop command does not have any arguments. 


: Loop <—_——] 


Typically, the loop contains commands that let the program exit 
from the loop. Commonly used commands are: If, Exit, Goto, and 
Lbl (label). For example: 


:0>x 
: Loop 
Disp x 
xt+1> x 
An If command checks —————— : If x>5 
the condition. : Exit 
:EndLoop 
Exits the loop and jumps to —— :Disp x 
here when x increments to 6. 


In this example, the If command can be anywhere in the loop. 


When the If command is: The loop is: 
At the beginning of the loop Executed only if the condition is true. 


At the end of the loop Executed at least once and repeated 
only if the condition is true. 


The If command could also use a Goto command to transfer program 
control to a specified Lb! (label) command. 


The Cycle command immediately transfers program control to the 
next iteration of a loop (before the current iteration is complete). 
This command works with For...EndFor, While...EndWhile, and 
Loop...EndLoop. 


Although the Lb! (label) and Goto commands are not strictly loop 
commands, they can be used to create an infinite loop. For example: 


As with Loop...EndLoop, the loop should contain commands that let 
the program exit from the loop. 


Chapter 17: Programming 299 


Configuring the TI-89 / TI-92 Plus 


Configuration Command Description 
Commands getConfg Returns a list of calculator characteristics. 
Note: The parameter/mode getFold Returns the name of the current folder. 
strings used in the 
setMode( ), getMode( ), getMode Returns the current setting for a specified mode. 
setGraph(), and ; . : 
setTable() functions do not —-getUnits Returns a list of default units. 
translate into other 
languages when used in a setFold Sets the current folder. 
pragralt cee Apeondix O. setGraph Sets a specified graph format (Coordinates, Graph 
Order, etc.). 
setMode Sets any mode except Current Folder. 
setTable Sets a specified table setup parameter 


(tblStart, Atbl, etc.) 
setUnits Sets default units for displayed results. 


switch Sets the active window in a split screen, or returns 
the number of the active window. 


Entering the In the Program Editor: 


SetMode Command 1. Position the cursor where you want to insert the setMode 


command. 


Note: The Mode menu does 2. _ Press: 
not let you set the Current TI-89: [2nd] [Fé] 
Folder mode. To set this TI-92 Plus: {F6 


mode, use the setFold ‘ = 
command. to display a list of modes. 


SL5p1 it Screen 


3. Select a mode to display a menu of its valid settings. 
4. Select a setting. 


The correct syntax is inserted into 


your program. :setMode("Graph", "FUNCTION" ) 
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Getting Input from the User and Displaying Output 


F3) /O Toolbar Menu 


Input Commands 


Tip: String input cannot be 
used in a calculation. To 
convert a string to a numeric 
expression, use the expr 
command. 


To enter most of the commonly 
used input/output commands, use 
the Program Editor’s [F3] I/O toolbar 


menu. 


To see a submenu that lists 
additional commands, select 


1:Dialog. 


Command 
getKey 


Input 


InputStr 


PopUp 


Prompt 


Request 


'Dialog k 


ipree WEL 
?Dialog.—ndileg 
? ToolBar. EndTbar 
:Title 

= Item 


Description 


Returns the key code of the next key pressed. See 
Appendix B for a listing of key codes. 


Prompts the user to enter an expression. The 
expression is treated according to how it is entered. 
For example: 


« Anumeric expression is treated as an 
expression. 


¢« An expression enclosed in "quotes" is treated as 
a string. 


Input can also display the Graph screen and let the 
user update the variables xc and yc (re and 6c in 
polar mode) by positioning the graph cursor. 


Prompts the user to enter an expression. The 
expression is always treated as a string; the user 
does not need to enclose the expression in "quotes". 


Displays a pop-up menu box and lets the user select 
an item. 


Prompts the user to enter a series of expressions. As 
with Input, each expression is treated according to 
how it is entered. 


Displays a dialog box that prompts the user to enter 
an expression. Request always treats the entered 
expression as a string. 
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Output Commands 


Note: In a program, simply 
performing a calculation 
does not display the result. 
You must use an output 
command. 


Tip: After Disp and Output, 
the program immediately 
continues. You may want to 
add a Pause command. 


Graphical User 
Interface 
Commands 


Tip: When you run a 
program that sets up a 
custom toolbar, that toolbar 
is still available even after 
the program has stopped. 


Note: Request and Text 
are stand-alone commands 
that can also be used 
outside of a dialog box or 
toolbar program block. 


Command Description 

ClrlO Clears the Program I/O screen. 

Disp Displays an expression or string on the Program I/O 
screen. Disp can also display the current contents of 
the Program I/O screen without displaying 
additional information. 

DispG Displays the current contents of the Graph screen. 

DispHome Displays the current contents of the Home screen. 

DispTbl Displays the current contents of the Table screen. 

Output Displays an expression or string starting at specified 
coordinates on the Program I/O screen. 

Format Formats the way in which numeric information is 
displayed. 

Pause Suspends program execution until the user presses 

ENTER]. Optionally, you can display an expression 
during the pause. A pause lets users read your 
output and decide when they are ready to continue. 

Text Displays a dialog box that contains a specified 
character string. 

Command Description 

Dialog... Defines a program block (consisting of Title, 

EndDlog Request, etc., commands) that displays a dialog box. 

Toolbar... Defines a program block (consisting of Title, Item, 

EndTbar etc., commands) that replaces the toolbar menus. 
The redefined toolbar is in effect only while the 
program is running and only until the user selects an 
item. Then the original toolbar is redisplayed. 

CustmOn... Activates or removes a custom toolbar. 

CustmOff 

Custom... Defines a program block that displays a custom 

EndCustm toolbar when the user presses [2nd] [CUSTOM]. That 
toolbar remains in effect until the user presses 

2nd} [CUSTOM] again or changes applications. 

DropDown Displays a drop-down menu within a dialog box. 

Item Displays a menu item for a redefined toolbar. 

Request Creates an input box within a dialog box. 

Text Displays a character string within a dialog box. 

Title Displays the title of a dialog box or a menu title 
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within a toolbar. 


Creating a Custom Menu 


Turning the Custom 
Menu On and Off 


Note: When the custom 
menu is turned on, it 
replaces the normal toolbar 
menu. Unless a different 
custom menu has been 
created, the default custom 
menu is displayed. 


Defining a Custom 
Menu 


Note: When the user 
selects a menu item, the 
text defined by that Item 
command is pasted to the 
current cursor location. 


When you create a custom menu, you can let the user turn it on and 
off manually, or you can let a program turn it on and off 


automatically. 
To: Do this: 
Turn on the From the Home screen or any other application: 
custom menu * Press [ing [CusToM]. 
From the Home screen or a program: 
« Execute the CustmOn command. 
Turn off the From any application: 
custom menu 


¢ Press (2nd) [CUSTOM] again. 
—or— 
¢ Go toa different application. 


Using the default custom menu on the Home 
screen: 


1. Select the Tools menu: 
TI-89: [2nd] [F7] 
TI-92 Plus: [F7 
Then select 3:CustmOff. 


1:ClrHo 
| 


SiCustmorr 
Custm0ff 


This pastes CustmOff in 
the entry line. 


2. Press [ENTER]. 


You can also use CustmOff in a program. 


To create a custom menu, use the following general structure. 


‘Custom 


: Title title of F1 menu 


Item item 7 
Item item 2 


: Title title of F2 menu 
: Title title of F3 menu 


‘EndCustm 
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Note: The following may be 
slightly different than the 
default custom menu on 
your calculator. 


af Fey) 


sips 
3: eat) 
Sibefine fixe = 


Fi-|Fe-| Fz 
vars} 


Note: See how" _\o\C" and 
"\o\F" display as °C and °F 
in the menu. Similarly, see 
the international accented 
characters. 


Note: This inserts all the 
commands on a single line. 
You do not need to split 
them into separate lines. 


Restoring the 
Default Custom 
Menu 


For example: 


:Custom 


:Title "Vars" 

Item "L1":Item "M1":Item "Prgml":Item "Funcl":Item "Datal" 
:Item "Textl":Item "Picl":Item "GDB1":Item "Str1" 

:Title "f(x)" 

em "f(x)":Item "g(x)":Item "f(x,y)" 
:Item "f(xth)":Item "Define f(x) =" 
:Title "Solve" 

em "Solve(":Item " and ":Item "{x,y}" 

em "Solve( and ,{x,y})" 

:Title "Units" 

em "_m/_s*2":Item "_ft/_s*2":Item "_m":Item "_ft":Item "_1" 
:Item "_gal":Item "_\o\C":Item "_\o\F":Item "_kph":Item "_mph" 
:Title "Symbols" 

:Item "#":Item "\beta\":Item "2":Item "~":Item "&" 

:Title "Internat'1" 

:Item "\e°\":Item "\e'\":Item "\e*\":Item "\a>\" 
:Item "\u’\":Item "\u‘\":Item "\o*\":Item "\c,\" 
:Title "Tools" 

:Item "ClrHome":Item "NewProb":Item "Custm0ff" 
:EndCustm 


:Custm0n 


:Item "g(x,y)" 


:Item "\u..\" 


To modify the default custom menu, use 3:Restore custom default 
(as described below) to get the commands for the default menu. 
Copy those commands, use the Program Editor to create a new 
program, and paste them into the blank program. Then modify the 
commands as necessary. 


You can create and use only one custom menu at a time. If you need 
more, write a separate program for each custom menu. Then run the 
program for the menu you need. 


To restore the default: 


1. From the Home screen’s normal menu (not the custom menu), 
select Clean Up: 
TI-89: (2nd) [Fé] 
TI-92 Plus: [F6 


2. Select 3:Restore custom default. Taislandcbralcarclottsr[ersrun Renee | 


1iClear a-z.. 


This pastes the commands used 
to create the default menu into 
the entry line. 


3. Press [ENTER] to execute the commands and restore the default. 


When you restore the default, any previous custom menu is erased. If 


the previous menu was created with a program, you can run the 
program again if you want to reuse the menu later. 
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Creating a Table or Graph 


Table Commands 


Graphing 
Commands 


Note: For more information 
about using setMode, refer 
to page 300. 


Command Description 

DispTbl Displays the current contents of the Table screen. 

setTable Sets the Graph <—> Table or Independent table 
parameters. (To set the other two table parameters, 
you can store the applicable values to the tblStart 
and Atbl system variables. ) 

Table Builds and displays a table based on one or more 
expressions or functions. 

Command Description 

ClrGraph Erases any functions or expressions that were 
graphed with the Graph command. 

Define Creates a user-defined function. 

DispG Displays the current contents of the Graph screen. 

FnOff Deselects all (or only specified) Y= functions. 

FnOn Selects all (or only specified) Y= functions. 

Graph Graphs one or more specified expressions, using the 
current graphing mode. 

Input Displays the Graph screen and lets the user update 
the variables xc and yc (rc and 6c in polar mode) by 
positioning the graph cursor. 

NewPlot Creates a new stat plot definition. 

PlotsOff Deselects all (or only specified) stat data plots. 

PlotsOn Selects all (or only specified) stat data plots. 

setGraph Changes settings for the various graph formats 
(Coordinates, Graph Order, etc.). 

setMode Sets the Graph mode, as well as other modes. 

Style Sets the display style for a function. 

Trace Lets a program trace a graph. 

ZoomBox Perform all of the Zoom operations that are available 

—to- from the [F2] toolbar menu on the Y= Editor, Window 

ZoomtTrig Editor, and Graph screen. 
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Graph Picture and Command 


Description 


Displays the Graph screen and superimposes a 
stored graph picture by using AND logic. 


Animates a series of stored graph pictures. 
Creates a graph picture variable based on a matrix. 
Restores all settings stored in a graph database. 


Displays the Graph screen and superimposes a 
stored graph picture by using OR logic. 

Clears the Graph screen and displays a stored graph 
picture. 


Stores the current graph settings to a graph 
database variable. 


Copies the Graph screen (or a specified rectangular 
portion) to a graph picture variable. 


Displays the Graph screen and superimposes a 
stored graph picture by using XOR logic. 


Database AndPic 
Commands 
lePi 
Note: For information about eyeere 
graph pictures and NewPic 
databases, also refer to 
Chapter 12. RclGDB 
RclPic 
RplcPic 
StoGDB 
StoPic 
XorPic 
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Drawing on the Graph Screen 


Pixel vs. Point 
Coordinates 


Tip: For information about 
pixel coordinates in split 
screens, refer to 

Chapter 14. 


Note: Pixel commands start 


with Pxl, such as PxIChg. 


Erasing Drawn 
Objects 


Drawing a Point or 
Pixel 


When drawing an object, you can use either of two coordinate 
systems to specify a location on the screen. 


¢ Pixel coordinates — Refer to the pixels that physically make up 
the screen. These are independent of the viewing window 
because the screen is always: 
TI-89: 159 (0 to 158) pixels wide and 77 (0 to 76) pixels tall. 
TI-92 Plus: 239 (0 to 238) pixels wide and 103 (0 to 102) pixels tall. 


¢ Point coordinates — Refer to the coordinates in effect for the 
current viewing window (as defined in the Window Editor). 


TI-89: 158,0 
TI-92 Plus: 238,0 


TI-89: 0,76 TI-89: 158,76 
ee Plus: 0,102 { TI-92 Plus: 238,102 


-10,-10 


10,-10 


Point coordinates 
(for standard viewing window) 


Pixel coordinates 
(independent of viewing window) 


Many drawing commands have two forms: one for pixel coordinates 
and one for point coordinates. 


Command Description 

ClrDraw Erases all drawn objects from the Graph screen. 

Command Description 

PtChg or Toggles (inverts) a pixel at the specified coordinates. 

PxIChg PtChg, which uses point coordinates, affects the 
pixel closest to the specified point. If the pixel is off, 
it is turned on. If the pixel is on, it is turned off. 

PtOff or Turns off (erases) a pixel at the specified 

PxlOff coordinates. PtOff, which uses point coordinates, 
affects the pixel closest to the specified point. 

PtOn or Turns on (displays) a pixel at the specified 

PxlOn coordinates. PtOn, which uses point coordinates, 
affects the pixel closest to the specified point. 

PtTest or Returns true or false to indicate if the specified 

PxITest coordinate is on or off, respectively. 

PtText or Displays a character string at the specified 

PxIText coordinates. 
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Drawing Lines and Command 


Circles 


Circle or 
PxlCrcl 


DrawSlp 


Line or 
PxlLine 


LineHorz or 
PxlHorz 


LineTan 


LineVert or 
PxlVert 


Description 


Draws, erases, or inverts a circle with a specified 
center and radius. 


Draws a line with a specified slope through a 
specified point. 

Draws, erases, or inverts a line between two sets of 
coordinates. 


Draws, erases, or inverts a horizontal line at a 
specified row coordinate. 


Draws a tangent line for a specified expression at a 
specified point. (This draws the tangent line only, 
not the expression. ) 


Draws, erases, or inverts a vertical line at a 
specified column coordinate. 


Drawing Command 


Expressions 


308 


DrawFunc 
Drawinv 


DrawParm 


DrawPol 
DrwCtour 


Shade 


Chapter 17: Programming 


Description 


Draws a specified expression. 
Draws the inverse of a specified expression. 


Draws a parametric equation using specified 
expressions as its x and y components. 


Draws a specified polar expression. 
Draws contours in 3D graphing mode. 


Draws two expressions and shades the areas where 
expression! < expression2. 


Accessing Another TI-89/TI-92 Plus, a CBL 2/CBL, or a CBR 


l/O Toolbar Menu 


Accessing Another 
TI-89 / TI-92 Plus 


Note: For a sample program 
that synchronizes the 
receiving and sending units 
so that GetCale and 
SendCalc are executed in 
the proper sequence, refer 
to “Transmitting Variables 
under Program Control” in 
Chapter 22. 


Accessing a 
CBL 2/CBL or CBR 


Use the Program Editor’s [F3] I/O 
toolbar menu to enter the commands 


in this section. 


1. Press [F3 


2. Select a command. 


and select 8:Link. 


St Sendchat 


When two TI-89 / TI-92 Plus calculators are linked, one acts as a 
receiving unit and the other as a sending unit. 


Command 
GetCalc 


SendCalc 


SendChat 


Description 


Executed on the receiving unit. Sets up the unit to 
receive a variable via the I/O port. 


« After the receiving unit executes GetCalc, the 
sending unit must execute SendCalc. 


« After the sending unit executes SendCalc, the 
sent variable is stored on the receiving unit (in 
the variable name specified by GetCalc). 


Executed on the sending unit. Sends a variable to 
the receiving unit via the I/O port. 


¢ Before the sending unit executes SendCale, the 
receiving unit must execute GetCalc. 


Executed on the sending unit as a general 
alternative to SendCalc. Useful if the receiving unit 
is a TI-92 (or for a generic "chat" program that 


allows either a TI-92 or TI-92 Plus to be used). 


For additional information, refer to the manual that comes with the 


CBL 2/CBL or CBR unit. 
Command Description 
Get Gets a variable from an attached CBL 2/CBL or CBR 


Send 


and stores it in the TI-89 / TI-92 Plus. 


Sends a list variable from the TI-89 / TI-92 Plus to the 
CBL 2/CBL or CBR. 
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Debugging Programs and Handling Errors 


Run-Time Errors The first step in debugging your program is to run it. The 
TI-89 / TI-92 Plus automatically checks each executed command for 
syntax errors. If there is an error, a message indicates the nature of 


the error. 

¢ To display the program in the ERROR. 
Program Editor, press {ENTER}. ree 
The cursor appears in the 


approximate area of the error. 


¢ To cancel program execution and return to the Home screen, 
press [ESC]. 


If your program allows the user to select from several options, be 
sure to run the program and test each option. 


Debugging Run-time error messages can locate syntax errors but not errors in 
Techniques program logic. The following techniques may be useful. 


¢ During testing, do not use local variables so that you can check 
the variable values after the program stops. When the program is 
debugged, declare the applicable variables as local. 


¢ Within a program, temporarily insert Disp and Pause commands 
to display the values of critical variables. 


— Disp and Pause cannot be used in a user-defined function. To 
temporarily change the function into a program, change Func 
and EndFunc to Prgm and EndPrgm. Use Disp and Pause to 
debug the program. Then remove Disp and Pause and change 
the program back into a function. 


¢ To confirm that a loop is executed the correct number of times, 
display the counter variable or the values in the conditional test. 


¢ To confirm that a subroutine is executed, display messages such 
as "Entering subroutine" and "Exiting subroutine" at the beginning and 
end of the subroutine. 


Error-Handling Command Description 
Commands Try...EndTry Defines a program block that lets the program 


execute a command and, if necessary, recover from 
an error generated by that command. 


ClrErr Clears the error status and sets the error number in 
system variable Errornum to zero. 


PassErr Passes an error to the next level of the Try...EndTry 
block. 
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Example: Using Alternative Approaches 


Example 1 


Example 2 


iS 


Tip: For s, type [+ 
For &, press: 
TI-89: [+] [x] (times) 
TI-92 Plus: (2nd) H 


(zero). 


Example 3 


Note: Because Prompt 
returns n as a number, you 
do not need to use expr to 
convert n. 


This example is the program given in the preview at the beginning of 
the chapter. Refer to the preview for detailed information. 


Prompts for input 
in a dialog box. 


Converts string ente 
with Request to an 
expression. 


Loop calculation. 


Displays output on 
Program I/O screen. 


ee 


red —— 


:progl() 

:Prgm 

:Request "Enter an integer",n 
sexpr(n)>n 

:0> temp 


:For i,1,n,1 


tempti> temp 


:EndFor 
:Disp temp 
:EndPrgm 


This example uses InputStr for input, a While...EndWhile loop to 
calculate the result, and Text to display the result. 


Prompts for input on 
Program I/O screen. 


Converts string ente 


with InputStr to an 
expression. 


Loop calculation. 


Displays output 
in a dialog box. 


Te 


red —— 


:prog2() 

:Prgm 

:InputStr "Enter an integer",n 
sexpr(n)>n 

:0>temp:1> 7 

:While isn 


tempt+i> temp 
i+l>i 


:EndWhile 
————— :Text "The answer is "&string(temp) 
:EndPrgm 


This example uses Prompt for input, LbI and Goto to create a loop, 
and Disp to display the result. 


Prompts for input on 
Program I/O screen. 


Loop calculation. 


Displays output on 
Program I/O screen. 


:prog3() 
:Prgm 
:Prompt n 
:0>temp:1> 7 
:Lb1 top 


tempt+i> temp 
i+1>i 
If isn 

Goto top 


:Disp temp 
:EndPrgm 
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Example 4 This example uses Dialog...EndDlog to create dialog boxes for input 
and output. It uses Loop...EndLoop to calculate the result. 


:prog4() 
:Prgm 
-— :Dialog 
Defines a dialog box  ——| Title "Enter an integer" 
for input. : Request "Integer",n 
— :EndDlog 
Converts string entered —— :expr(n)>n 
with Request to an :0> temp :0> i 
expression. = 
Pp 
tempt+i> temp 
’ i+1>i 
Loop calculation. §—— : of in 
Exit 
\_ :EndLoop 
— :Dialog 
Defines a dialog Title "The answer is" 
box for output. : Text string(temp) 
‘— ;EndDlog 
:EndPrgm 
Example 5 This example uses the TI-89 / TI-92 Plus built-in functions to calculate 
the result without using a loop. 
:prog5() 


Prompts for input on :Prgm 
Note: Because Input Program I/O screen. eS :Input "Enter an integer"yn 


returns n as a number, you Calculates sum. ——————— :sum(seq(i,i,1,n))>temp 
do not need to use expr to Bical :Disp temp 
convert n. isplays output on :EndPrgm 


Program I/O screen. 


Function Used in this example to: 
seq Generate the sequence of integers from 1 to n. 
seq(expression, var, low, ry [: Si 


| jnerament for var ; 
if omitted, uses 1. 


ale and final values of var 
variable that will be incremented 
expression used to generate the sequence 


sum Sum the integers in the list generated by seq. 
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Assembly-Language Programs 


Where to Get 
Assembly-Language 
Programs 


Note about 
TI-GRAPH LINK 


Running an 
Assembly-Language 
Program 


Tip: If the program is not in 
the current folder, be sure to 
specify the pathname. 


Assembly-language programs, as well as 
keystroke programs, are available on 
the Texas Instruments web site at: 


education.ti.com 


The programs available from this site 
provide additional functions or 
features that are not built into the 
TI-89 / TI-92 Plus. Check the Texas 
Instruments web site for up-to-date 
information. 


After downloading a program from the 
web to your computer, use a TI-GRAPH 
LINK™ computer-to-calculator cable to 
send the program to your 

TI-89 / TI-92 Plus. Refer to the manual 
that comes with the TI-GRAPH LINK 
cable. 


If you have a TI-GRAPH LINK computer-to-calculator cable and 


education.ti.com 


software for the TI-92, be aware that the TI-92 TI-GRAPH LINK 


software is not compatible with the TI-89 / TI-92 Plus. The cable, 
however, works with both units. For information about obtaining 


TI™ Connect or TI-GRAPH LINK software or a TI-GRAPH LINK cable, 
check the Texas Instruments web site at education.ti.com or contact 


Texas Instruments as described in Appendix C of this guidebook. 


After a TI-89 / TI-92 Plus assembly-language program is stored on your 


unit, you can run the program from the Home screen just as you 


would any other program. 


If the program requires one or more arguments, 
type them within the (). Refer to the program’s 


documentation to find out about required 


arguments. 


ramharned 
HAlx FAD AUTO FUNC PRET 


You can call an assembly-language program from another program as 


a subroutine, delete it, or use it the same as any other program. 
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Shortcuts to Runa 
Program 


Note: The programs must 
be stored in the MAIN folder. 
Also, you cannot use a 
shortcut to run a program 
that requires an argument. 


You Cannot Edit an 
Assembly-Language 
Program 


Displaying a List of 
Assembly-Language 
Programs 


Note: Assembly-language 
programs have an ASM 
data type. 


For Information 
about Writing an 
Assembly-Language 
Program 


Note: You must use a 
computer to write assembly- 
language programs. You 
cannot create assembly- 
language programs from the 
calculator keyboard. 


On the Home screen, you can use keyboard shortcuts to run up to 
nine user-defined or assembly-language programs. However, the 
programs must have the following names. 


On Home screen, press: Toruna program, if any, named: 


[+] 1 kbdprgm1() 


[J 9 kbdprgm9() 
If you have a program with a different name and you would like to 


run it with a keyboard shortcut, copy or rename the existing program 
to kbdprgm1(), ete. 


You cannot use your TI-89 / TI-92 Plus to edit an assembly-language 
program. The built-in Program Editor will not open assembly- 
language programs. 


To list the assembly-language programs stored in memory: 


1. Display the VAR-LINK screen ( (2nd) [VAR-LINK] ). 


2. Press [F2] View. 


VAR=LIME, WER 


3. Select the applicable folder 
(or All folders) and set 
Var Type = Assembly. 


Folder: | ATS 
Nar Type: PERE 


ESCSCANCEL 
f VAR-LIME CATH ‘4 


Fiz | Fe [FSsF4 [Fe Fe 
ranaze|view...Ling| « [ATT | Contents... 
BELG are 


Cpipes 
window 


4. Press [ENTER] to display the 
list of assembly-language 
programs. 


The information required to teach a novice programmer how to write 
an assembly-language program is beyond the scope of this book. 
However, if you have a working knowledge of assembly language, 
please check the Texas Instruments web site (education.ti.com) 

for specific information about how to access TI-89 / TI-92 Plus features. 


The TI-89 / TI-92 Plus also includes an Exec command that executes a 
string consisting of a series of Motorola 68000 op-codes. These codes 
act as another form of an assembly-language program. Check the Texas 
Instruments web site for available information. 


Warning: Exec gives you access to the full power of the 
microprocessor. Please be aware that you can easily make a mistake 
that locks up the calculator and causes you to lose your data. We 
suggest you make a backup of the calculator contents before 
attempting to use the Exec command. 
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Text Editor 


Preview of Text Operations 
Starting a Text Editor Session. 
Entering and Editing Text..... 
Entering Special Characters.. 
Entering and Executing a Command Script. 
Creating a Lab Report 


This chapter shows you how to use the Text Editor to enter and 
edit text. Entering text is simple; just begin typing. To edit text, 
you can use the same techniques that you use to edit information 
on the Home screen. 


*Hotice at 2 Paragrap 
Weaps automatically, 


iPress ENTER only at the 
end of 4 alia olde not. 
_ the end of a line. 


You can edit the text to 
fix typing errors. 


Mal ME RAD AUTO ET] 


Each time you start a new text session, you must specify the 
name of a text variable. After you begin a session, any text that 
you type is stored automatically in the associated text variable. 
You do not need to save a session manually before leaving the 
Text Editor. 
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Preview of Text Operations 


Steps Display 


1. Start a new session on the Text i(APPS) 8 3 i(APPS) 8 3 : APPLICATIONS 


FlashApps. *APPS 
: mys Edi tor 
Editor. tWindow Editor 
Grabh 


Table 
: DatarMatri i x Edi itor , 


i cPr m Edi tor 
3] 1? Current 
2) 2: Open... 


HEH 


Abe 


2. Create a text variable called 
TEST, which will automatically eae 
store any text you enter in the ENTER z | Yariabte: 
new session. i i i 


Use the MAIN folder, shown as the 
default on the NEW dialog box. 


After typing in an input box such as 
Variable, you must press [ENTER] twice. 


Tere: Text 


3. Type some sample text. iond [a-lock] itype : 
¢ To type a single uppercase letter, itype fanything i Teak entre is sinple, Te 
press [t) and then the letter. ‘anything ‘you : 


TI-89 only: you ?want 
- To type a space, press (apha) [.] i want i 
(alpha function of the [©) key). i 


: MAIN ME RAD AUTO FUME 


— To type a period, press {alpha} to 
turn alpha-lock off, press(.], and i 
then press (2nd) [a-lock] to turn alpha-i 


lock on again. 


Practice editing your text by using: 
¢ The cursor pad to move the text cursor. 


¢ Jor(+) [pel] to delete the character ? 
to the left or right of the cursor, i 
respectively. 


4. Leave the Text Editor and i HOME : +) [HOME] 
display the Home screen. : : 


Your text session was stored 
automatically as you typed. Therefore, 
you do not need to save the session 
manually before exiting the Text Editor. 


° 


5. Return to the current session on i APPS] 8 1 : APPS] 8 1 cae Sees 
the Text Editor. : : HV= Editor 


Window Editor 
'Grach 


iTsble 
iDataMatrix Editor , 
Edit. 


6. Notice that the displayed session i 
is exactly the same as you left it. : 


316 Chapter 18: Text Editor 


Starting a Text Editor Session 


2 AFPLICATIONS 
Starting a New 1. Press APPS and then select BUaer TE 
Session 8:Text Editor. i= Editor 


Window Editor 
'Braph 
iTable 


2. Select 3:New. 
The NEW dialog box is 


a 
k 


displayed. 
3. Specify a folder and text 
variable that you want to Tops: Text 
Folder:  rmdin® 

use to store the new Variabte: ESE] 

session. 

Item Description 

Type Automatically set as Text and cannot be changed. 

Folder Shows the folder in which the text variable will be 
stored. For information about folders, refer to 
Chapter 5. 
To use a different folder, press ® to display a menu 
of existing folders. Then select a folder. 

Variable Type a variable name. 


If you specify a variable that already exists, an error 
message will be displayed when you press [ENTER]. 
When you press [ESC] or [ENTER] to acknowledge the 
error, the NEW dialog box is redisplayed. 


4. Press [ENTER] (after typing in an input box such as Variable, you 
must press [ENTER] twice) to display an empty Text Editor screen. 


Note: Your session is saved 
automatically as you type. 


You do not need to save a Sing es the : 
session manually before 

leaving the Text Editor, Baragrapn: | 
starting a new session, or The blinking cursor 

opening a previous one. shows where typed 


text will appear. 


Mal RAG AUTO ET] 


You can now use the Text Editor as described in the remaining 
sections of this chapter. 
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Resuming the 
Current Session 


Starting a New 
Session from the 
Text Editor 


Opening a Previous 
Session 


Note: By default, Variable 
shows the first existing text 
variable in alphabetic order. 


Copying a Session 


Note about 
Deleting a Session 


You can leave the Text Editor and go to another application at any 
time. To return to the session that was displayed when you left the 
Text Editor, press [APPS] 8 and select 1:Current. 


To leave the current Text Editor 
session and start a new one: 


1. Press [Fi] and select 3:New. 


i ?iDelet 
2. Specify a folder and text iClear Editor 


variable for the new session. 


3. Press [ENTER] twice. 


You can open a previous Text Editor session at any time. 


1. From within the Text Editor, press [F1] and select 1:Open. 
—or— 
From any application, press [APPS] 8 and select 2:Open. 


2. Select the applicable folder 


and text variable. een 


Folder: ragin® 
Variable: test > 


3. Press [ENTER]. 


SEnter=0k eCES¢=cANCEL 


In some cases, you may want to copy a session so that you can edit 
the copy while retaining the original. 


1. Display the session you want to copy. 


. Press [Fi] and select 2:Save Copy As. 


2 
3. Specify the folder and text variable for the copied session. 
4 


. Press [ENTER] twice. 


Because all Text Editor sessions are saved automatically, you can 
accumulate quite a few previous sessions, which take up memory 
storage space. 


To delete a session, use the VAR-LINK screen ((2nd] [VAR-LINK] ) to 
delete that session’s text variable. For information about VAR-LINK, 
refer to Chapter 21. 
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Entering and Editing Text 


Typing Text 


Note: Use the cursor pad to 
scroll through a session or 
position the text cursor. 


Tip: Press (2nd) © or (2nd) © 
to scroll up or down one 
screen at a time, and[+) © 
or(*] © to go to the top or 
bottom of the text session. 


Tip: If you have a 
TI-GRAPH LINK™ cable, 
you can use a computer 
keyboard to type lengthy 
text and then send it to the 
calculator. Refer to 

page 322. 


Typing Alphabetic 
Characters 


Note: On the TI-89, you do 
not need [alpha] or alpha-lock 
to type x, y, Z, or t. But you 
must use [#] or uppercase 
ALPHA-lock for X, Y, Z, or T. 


Note: On the TI-89, alpha- 
lock is always turned off 
when you change 
applications, such as going 
from the Text Editor to the 
Home screen. 


When you create a new Text Editor session, you see an empty 
screen. When you open a previous session or return to the current 
session, you see the existing text for that session. 


All text paragraphs 
begin with a space 
and a colon. 


The beginning 
space is used in 
command scripts 
and lab reports. 


You do not need to press 


Fir Fer Far 
Te Ts] Conrad | vik 


an @xX1EL1 


you displai 
ng session, the screen = 
hows the text that was 2 
ntered when you left the 
session. 


The blinking text cursor 
is in the same poeeeren 
as wher you left.] 


RAD AUTO 


Mal FUME 


Blinking text cursor —4 


ENTER] at the end of each line. At the end of 


a line, the next character you type wraps to the next line. Press 


ENTER 


only when you want to start a new paragraph. 


As you reach the bottom of the screen, previous lines scroll off the 


top of the screen. 


To: On the TI-89, press: On the TI-92 Plus, press: 
Type a single alpha] and then the letter key the letter key 
lowercase i (status line shows 11) i 
alpha i 
character. : i 
Type a single t] and then the letter key t] and then the letter key 
uppercase i (status line shows #) i (status line shows #) 
alpha : d 
character. : : 
Type a space. alpha) [..] (alpha function spacebar 

i of the (-] key) : 
Turn on 2nd) [a-lock] (no action needed) 
lowercase i (status line shows Il) i 
alpha-lock. : : 
Turn on (8) fatook] : (nd) [caps] 
uppercase i (status line shows Ml) 
ALPHA-lock. i i 
Turn off alpha- alpha] (turns off upper- 2nd] [CAPS] (turns off 
lock. i and lowercase lock) i uppercase lock) 
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Typing Alphabetic 
Characters 
(continued) 


Deleting Characters 


Note: If there are no 
characters to the right of the 
cursor, [CLEAR] erases the 
entire paragraph. 


Highlighting Text 


Tip: To remove highlighting 
without replacing or 
deleting, move the cursor. 


Replacing or 
Deleting Highlighted 
Text 


On the TI-89, while either type of alpha-lock is on: 


¢ To type a period, comma, or other character that is the primary 
function of a key, you must turn alpha-lock off. 


¢ To type a second function character such as [2nd] [{], you do not 
need to turn alpha-lock off. After you type the character, alpha- 
lock remains on. 


To delete: Press: 

The character to the left of the cursor ‘(= or [F)7 

The character to the right of the cursor [+] [DEL] (same as [+] [= 
All characters to the right of the cursor [CLEAR] 

through the end of the paragraph 

All characters in the paragraph (regardless [CLEAR] [CLEAR 


of the cursor’s position in that paragraph) 


To: Do this: 
Highlight text 1. Move the cursor to the beginning or end of 
the text. 


2. Hold [t] and press: 


* @or@ to highlight characters to the left 
or right of the cursor, respectively. 


* @or®@ to highlight all characters up to 
the cursor position on the next or 
previous line, respectively. 


= 
eletewer 
: Paragrap 
hs at a time. 


To: Do this: 

Replace Type the new text. 
highlighted text 

Delete Press [+]. 
highlighted text 
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Cutting, Copying, 
and Pasting Text 


Tip: You can press: 
TI-89: 
) [cut], [+] [copy], 


) [PASTE] 


)X,@)C,@)V 
to cut, copy, and paste 


without having to use the [F 


toolbar menu. 


Finding Text 


Tip: The FIND dialog box 
retains the last search text 
you entered. You can type 
over it or edit it. 


Cutting and copying both place highlighted text into the clipboard of 
the TI-89 / TI-92 Plus. Cutting deletes the text from its current location 
(used to move text) and copying leaves the text. 


1. 


5. 


Highlight the text you want to move or copy. 


Press [Fi]. 


1!O0pen... 
2iSave Copy As... 
tHe... 


Select the applicable menu item. 

* To move the text, select 4:Cut. 
—or— 

¢ To copy the text, select 5:Copy. 


i Cop 

Bifsste 
TiDelete 
StClear Editor 


Move the text cursor to the location where you want to insert the 
text. 


Press [F1] and then select 6:Paste. 


You can use this general procedure to cut, copy, and paste text: 


Within the same text session. 


From one text session to another. After cutting or copying text in 
one session, open the other session and then paste the text. 


From a text session to a different application. For example, you 
can paste the text into the Home screen’s entry line. 


From the Text Editor: 
1. Place the text cursor at any location preceding the text you want 
to search for. All searches start at the current cursor location. 
ae Teese 
ind: [) 
3. Type the search text. om 
The search is not case sensitive. 
For example: CASE, case, and 
Case have the same effect. 
4. Press [ENTER] twice. 


If the search text is: 
Found 


Not found 


The cursor: 


Moves to beginning of the search text. 


Does not move. 
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Inserting or 
Overtyping a 
Character 


Tip: Look at the shape of 
the cursor to see if you're in 
insert or overtype mode. 


Clearing the Text 
Editor 


Using a Computer 
and TI-GRAPH LINK 
to Enter Text 


Note: On the calculator, the 
name of the text variable will 
be the name you enter in 
Step 1b, not the file name in 
Step 1c. 


By default, the TI-89 / TI-92 Plus is in insert mode. To toggle between 
insert and overtype mode, press [2nd] [INS]. 


If the TI-89 / TI-92 Plus is in: The next character you type: 


Inserk mode Will be inserted at the cursor. 
Thin cursor between 
characters 


Will replace the highlighted 
character. 


Overfupe mode 


Cursor highlights 
a character 


To erase all existing paragraphs and display an empty text screen, 
press [F1] and then select 8:Clear Editor. 


If you have an optional TI-GRAPH LINK™ computer-to-calculator 
cable and software for the TI-89 / TI-92 Plus, you can use the 
computer keyboard to type a text file and then send that file to the 
TI-89 / TI-92 Plus. This is useful if you need to create a lengthy text 
file. 


For information about obtaining a TI-GRAPH LINK cable and software 
or upgrading your existing TI™ Connect or TI-GRAPH LINK software 
for use with the TI-89 / TI-92 Plus, check the TI web site at: 


education.ti.com 
or contact Texas Instruments as described in Appendix C. 


For complete instructions on how to create a text file on a computer 
and send it to your calculator, refer to the manual that comes with 
the TI-GRAPH LINK. The general steps are: 


1. Use the TI-GRAPH LINK software to create a new text file. 


a. In the software, select New from the File menu. Then select 
either TI-89 Data File or TI-92 Plus Data File and click OK. An 
untitled edit window is displayed. 


b. Inthe Name box at the top of the edit window, type the name 
you want to use for the text variable on the TI-89 / TI-92 Plus. 
Then type the applicable text. 


c. From the File menu, select Save As. In the dialog box, type a 
File Name, select Text as the File Type, select a directory, and 
click OK. 
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. Use the TI-GRAPH LINK™ software to send the file from the 


computer to the TI-89 / TI-92 Plus. 


a. Use the TI-GRAPH LINK cable to connect the computer and 
the calculator. 


b. Be sure the TI-89 / TI-92 Plus is on the Home screen. 


c. Inthe software, select Send from the Link menu. Select the 
text file and click Add to add it to the Files Selected list. Then 
click OK. 


d. When notified that the sending process is complete, click OK. 


. On the TI-89 / TI-92 Plus, use the Text Editor to open the text 
variable. 
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Entering Special Characters 


Selecting 1. Press [2nd] [CHAR]. 
t 
Characters from the 2. Select the applicable category. 
CHAR Menu 
A menu lists the characters in ional’ 
that category. 
3. Select a character. You may J indicates aes 
need to scroll through the you can scroll. 
then For accented characters, select 
International. Commonly used 
international characters are also 
available from the default custom 
menu ((2nd) [custom]). 
Displaying the The keyboard map shows several shortcuts that let you enter certain 
Keyboard Map special characters from the keyboard. It also shows some shortcuts 


for other calculator features. 


The keyboard map does not display all available shortcuts. Refer to 
the inside front and the inside back covers of this guidebook for a 
complete list of shortcut keys. 


On the TI-89: / On the TI-92 Plus: 

Press [¢] (EE] to display the ? Press [¢] [KEY] to display the 
keyboard map. : keyboard map. 

Press [ESC] to exit the map. i Press [ESC] to exit the map. 


4 ff ° « GREER # |" 
| AEOAEAHOHO 
i cars @ G # ' ™ os 
[EE] i ARMM AH 
a KEDFRGH 1-3 i 
Ez] : TI-92 Plus Keyboard map 
OFF £ 2 HOMEDATA i 
GI CE) fe i 


TI-89 Keyboard map : 
To access the TI-89 shortcuts, i To access the TI-92 Plus shortcuts, 
first press the [+] key. : first press the [2nd] key. Some 
: special characters are marked on 
: the keyboard, but most are not. 


Calculator features accessed from the keyboard map are discussed 
on the next page. 
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Typing Special 
Symbols from the 
Keyboard 


Note: To help you find the 
applicable keys, these maps 
show only the special 
symbols. 


TI-89 keyboard map feature ! TI-92 Plus keyboard map feature 


shortcuts: : shortcuts: 

GREEK ((¢] (J) — Accesses the ? GREEK 2nd) G) — Accesses the 
Greek character set (described i Greek character set (described 
later in this section). : later in this section). 


SYSDATA ((¢] LJ) — Copies the i CAPS ((2nd] [CAPS])}— Turns Caps 
current graph coordinates to the : Lock on and off. 
system variable sysdata. : 


FMT ((¢] [1]) — Displays the 
FORMATS dialog box. 


KBDPRGM1 — 9 ([¢]1 through 
+9) — If you have user-defined i 
or assembly-language programs 
named kbdprgm1() through : 
kbdprgm9(), these shortcuts run } 
the corresponding program. i 


: Accent marks — (6, ti, 6, a, ¢, and ~) 
i are added to the next letter you 

i press (described later in this 

i section). 


OFF ((+) [oFF]) — Similar to 
2nd] [OFF] except: 


¢ You can use [+] [OFF] if an error i 
message is displayed. : 


¢ When you turn the TI-89 on 
again, it will be exactly as 
you left it. 


HOMEDATA ([¢] {(-)]) — Copies 
the current graph coordinates to 
the Home screen’s history area. 


On the TI-89: / On the TI-92 Plus: 


Press [+] and then the key for the ? Press 22nd) and then the key for 


symbol. ? the symbol. 


For example: [¢] [x] (times) 
displays &. 


i For example: (2nd) H displays &. 


HOHOO 8 | /oopeoooooe 
DOO |!) sapteuouu 
HHO o POU e 
Famers) 

[4 


These special symbols are not ; These special symbols are not 


affected by whether Alpha-Lock affected by whether Caps Lock is 
is on or off. i on or off. 
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Typing Accent Pressing an accent mark key does é a a 

Marks from the not display an accented letter. The (a) EROMHOA 

TI-92 Plus Keyboard accent mark will be added to the AERO AEA eo 
next letter you press. Eel ial MEA 


1. Press [2nd] and then the key 
for the accent mark. 


Note: To help you find the 
applicable keys, this map shows 
only the accent mark keys. 

2. Press the key for the letter you want to accent. 
¢« You can accent lowercase and uppercase letters. 


¢« An accent mark can be added to only those letters that are 
valid for that mark. 


Accent Valid Letters 
Mark __ (lowercase or uppercase) Examples 
e A, E, |, O, U, Y 6,E 
A, E, |, O, U, y (but not Y) a, U 
. A,E,1,0,U 6,0 
: A,E, 1,0, U a,A 
¢ C 6.9 
~ A, O, N fA, N 
Typing Greek Press the key combination that accesses the Greek character set on 
Letters from the your calculator. Then select the applicable alpha character on the 
Keyboard keyboard to enter a Greek letter. 
On the TI-89: : On the TI-92 Plus: 
Press [¢] [(] to access the Greek : Press [2nd] G to access the Greek 
character set. i character set. 
Note: Neither calculator t C t : Q U 
displays a map of Greek @ ©) @ ® : @e pty Tt 
letters. The maps shown QW ERITIDIMEIPIr 
here are for reference only. o 8 a e 
x A Tr 
OOOO® ao 8 oy d 
F A|(S|[DILFI[G] (AI ][K][L] 


‘ | rasa a aCe 


If you press a key combination that does not access a Greek letter, 
you get the normal letter for that key. 
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Important: If you press 

alpha] on the TI-89 to access 
a Greek letter while alpha- 
lock is on, it turns alpha-lock 
off. 


For a List of All 
Special Characters 


Several keys let you access lowercase and uppercase Greek letters. 


For example: 


On the TI-89: 


1. Press [¢] [( 
Greek character set. 


2. Press [¢] [( 


letters. Example: 


+} LC 


3. Press [¢] (J [* 


letters. Example: 
¢] (Q(t) [W] displays Q 


to access the 


alpha] + letter to 
access lowercase Greek 
alpha] [W] displays 


+ letter to 
access uppercase Greek 


/ On the TI-92 Plus: 


Press [2nd] G to access the 


Greek character set. 


Press [2nd] G + letter to access 


lowercase Greek letters. 
Example: 
2nd} G W displays @ 


Press [2nd] G (4) + letter to 
access uppercase Greek 
letters. Example: 

2nd] G [4] W displays Q 


The exact keys that you press on the TI-89 depend on whether alpha- 


lock is on or off. For example: 


On the TI-89, if: 
Alpha-lock is off. 


Lowercase alpha-lock 


(2nd) [a-lock]) is on. 


Uppercase ALPHA-LOCK 
(4) [a-lock]) is on. 


Then: 


( 


X or [¢ 


alpha] W displays @. 


t] W displays Q. 


|_____ is used for 


uppercase letters. 


X displays €. 
W displays o. 


t] W displays Q. 


X displays €. 
W displays ©. 


t] W displays Q. 


alpha] X displays €. 


| alpha] is not required 
or X, Y, Z, or T. 


For a list of all special characters, refer to Appendix B. 
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Entering and Executing a Command Script 


Inserting a 
Command Mark 


Note: This does not insert a 
new line for the command, it 
simply marks an existing 
line as a command line. 


Tip: You can mark a line as 

a command either before or 

after typing the command on 
that line. 


Deleting a 
Command Mark 


Executing a 
Command 


Tip: To examine the result 
on the Home screen, use a 
split screen or press: 

TI-89: (HOME 
TI-92 Plus: (#] [HOME] 
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In the Text Editor: 


1. Place the cursor on the line for the command. 


2. Press [F2] to display the 
Command toolbar menu. 


ree 
St Pre intobi 
4iClear command 
StExecute to EOF 


3. Select 1:Command. 


“C” is displayed at the beginning 
of the text line (to the left of the 
colon). 


4. Type a command just 
as you would on the 
Home screen. 


Fiz| Fe- | Fi-|_ FH | FE 

TOTS COP rede Wis EXSCuUbe| Find... 

: pe ang COMmMert Ines j 
ust 


as you normally wou 
doin the text editor. 
tWindow for 4a complete or 


ap 
Ci xx *S-2ux* Pts f (xx 3] 


The line can contain 
only the command, 
with no additional text. 


You can type multiple commands on the same line if you type a 
colon to separate the commands. 


This deletes only the “C” mark; it does not delete the command text 
itself. 


1. Place the cursor anywhere on the marked line. 


2. Press [F2] and select 4:Clear command. 


To execute a command, you must first mark the line with a “C”. If 
you execute a line that is not marked with “C”, it will be ignored. 


1. Place the cursor anywhere on the command line. 


2. Press [F4]. 


The command is copied to the entry line on the Home screen and 
executed. The Home screen is displayed temporarily during 
execution, and then the Text Editor is redisplayed. 


After execution, the cursor moves to the next line in the script so 
that you can continue to execute a series of commands. 
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Splitting the 
Text Editor/ 
Home Screen 


Creating a Script 
from Your Home 
Screen Entries 


Example 


Note: Some commands 
take longer to execute. Wait 
until the Busy indicator 
disappears before pressing 
F4) again. 


Note: In this example, the 
Graph command displays 
the Graph screen in place of 
the Home screen. 


With a split screen, you can view your command script and see the 
result of an executed command at the same time. 


To: Press: 
Split the screen F3] and select 
1:Script view. 
Return to a full F3] and select 
screen Text Editor 2:Clear split. 
You can also use [MODE] to set up a split screen manually. However, 


F3 


From the Home screen, you can save all the entries in the history 


sets up a Text Editor/Home screen split much easier than 


MODE}. 


The active application is indicated by a thick border. (By default, 
the Text Editor is the active application.) 


To switch between the Text Editor and the Home screen, press 


2nd] [EI 


| (second function of 


APPS 


). 


area to a text variable. The entries are automatically saved in a script 
format so that you can open the text variable in the Text Editor and 
execute the entries as commands. 


For information, refer to “Saving the Home Screen Entries as a Text 
Editor Script” in Chapter 5. 


Type your script. Press [F2 
and select 1:Command to 
mark the command lines. 


Press [F3] and select 
1:Script view. 


Move the cursor to the first 


command line. Then press 


Continue using [F4 


before executing the 
Graph command. 


Execute the Graph 
command. 


Press [F3] and select 


2:Clear split to return to a full 


screen Text Editor. 


F4] to execute the command. 


to execute 
each command, but stop just 


Fi-| Far | Fo~ FE 
raste|tommana| icw|E-cceute| Find. 
Higndeu or ee 

x sfCxo 
idence trim, 


foie ee lele lee 
HH 
ni 
3 
Lat 
Af 
a 


Fe 
Command] cua Execute 


cs “Goxmink oon 
5toearane ft 10+ ymax 
re Grrl 


44 emax 


e-44xmin ¢ 4 
104 ymax 10) 


= -103 ymin = 


MAIM RAG AUTO FUME 


EY 
int 10+ ymax 
fox 


MAIN 


Fe Fer/ FY 
Command visu) Execuke 
id 
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Creating a Lab Report 


Print Objects 


Inserting a Print 
Object Mark 


Note: This does not insert a 
new line for the print object, 
it simply marks an existing 
line as a print object. 


Tip: You can mark a line as 
a print object either before 
or after typing a variable 
name on that line. 


Inserting a Page 
Break Mark 


Deleting a Print 
Object or Page 
Break Mark 


In the Text Editor, you can specify a variable name as a print object. 
When you print the report by using TI-GRAPH LINK, the 

TI-89 / TI-92 Plus substitutes the contents of the variable (an 
expression, picture, list, etc.) in place of the variable name. 


In the Text Editor: 


1. Place the cursor on the line for the print object. 


2. Press [F2] to display the 
Command toolbar menu. 


3. Select 3:PrintObj. 


SiExecute to EOF 
“P” is displayed at the beginning of the 
text line (to the left of the colon). 


4. Type the name of the variable that contains the print object. 


The line can contain ZI 


[retis cota lertunla | 
only the variable {She the report bext ae 
1 35 YOU normally wou 
name, with no in the Text Editor. 
additional text. 


tEnter blank lines as nec 
essary. 


Pipicil 


When you print a lab report, page breaks occur automatically at the 
bottom of each printed page. However, you can manually force a 
page break at any line. 


1. Place the cursor on the line that you want to print on the top of 
the next page. (The line can be blank or you can enter text on it.) 


2. Press [F2] and select 2:Page break. 


A “¥” is displayed at the beginning of the line (to the left of the 
colon). 


This deletes only the “P” or “¥” mark; it does not delete any text that 
is on the line. 


1. Place the cursor anywhere on the marked line. 


2. Press [F2] and select 4:Clear command. 
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Printing the Report 


Example 


Note: To store the 
derivative to variable der, 
enter: d(y1(x),x)>der 


Note: To store the 
derivative’s critical points to 
variable sol, enter: 
solve(der=0,x)> sol 


General Steps 


1. 


Connect the 

TI-89 / TI-92 Plus to your 
computer via the TI-GRAPH 
LINK cable. 


Use the TI-GRAPH LINK 
software to get the lab 
report from the calculator, 
and then print the report. 


For Detailed Information 


Refer to the manual that came 


with your TI-GRAPH LINK. 


Assume you have stored: 


A function as y1(x) 
(specify y1, not y1(x)). 


A graph picture as pic1. 


Applicable information in 
variables der and sol. 


When you print the lab report, 
the contents of the print 
objects are printed in place of 
their variable names. 


Jay the function! 


Piul 


Fipict 


Pider 
3) 
_ tbs. 
Pisol 


My assignment was to stu 


iThe three parts weres 


ae Graph the function. 
2. Find its derivative. 


Look for critical poi 


a 


Z 


My assignment was to study the function: 


a 1*KA3=,, 5° KFS 
The three parts were: 


1. Graph the function. 


2. Find its derivative. 


oo*KA2R 5 


3. Look for critical points. 


x=1.29099 or x=-1.29099 


In cases where a graph picture cannot fit on the current page, the 
entire picture is shifted to the top of the next page. 
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Numeric Solver 


Preview of the Numeric Solver 00.0.0... cceseceseseeeeeceeeeeeeeeeeeseeeeeesseeaeeeee 
Displaying the Solver and Entering an Equation... 
Defining the Known Variables.... 
Solving for the Unknown Variable... 4 
Graphing the Solution... ceceseseeseeeeeeceeeeeseeeeeeceeeaeeaesesaeeeseeseaeee 


The Numeric Solver lets you enter an expression or equation, 
define values for all but one unknown variable, and then solve for 
the unknown variable. 


Note: To solve for the riate|seiue|Grarh|Get Cursor |Eane|ti are... 
& 2 = —| a + + 
rou variable from the After entering an equation Soe seeeeeeercae ee 
lome screen or a program, and its known values, 


oe described place the cursor on the Aa 
in Appendix A. unknown variable and one 
press [FQ]. bound={-1. 614, 1.6143 


sleft-rt=o. 


MAIN RAD AUTO FUME 


You can also graph the solution. 


fritislebem|reace|peGrarh hieeh|ne au The x axis is the unknown 
7 variable. The y axis is the 
left-rt value, which gives 
the solution’s accuracy. 


bound={-1.e The solution is precise 
left-rt=o, where the curve crosses 
HalN the x axis. 


As in the example above, the Numeric Solver is often used to 
solve closed-form equations. But it also gives you a quick way to 
solve equations such as transcendental equations in which there 
is no closed form. 


For example, you could rearrange the following equation 
manually to solve for any of the variables. 


a=(m2-m1)/(m2+m1) *g ———» m1 =(g-a)/(g+a) *m2 


With an equation such as the following, however, it may not be as 

easy to solve for x manually. 

y=x+ex Thats|sotuclatarhlget cursor [Ease az... 
yextetx 

The Numeric Solver is + ain 

particularly useful for such bound=€-1. 614, 1, £143 

: left-rtsa. 
equations. foes 
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Preview of the Numeric Solver 


Steps 


1. Display the Numeric Solver. 


2. Enter the equation. 


When you press [ENTER] or ©, the 
screen lists the variables used in the 
equation. 


3. Enter values for each variable, 
except the unknown variable 
m1. 


Define m2 and qg first. Then define a. 
(You must define g before you can 
define a in terms of g.) Accept the 
default for bound. /f a variable has 
been defined previously, its value is 
shown as a default. 


4. Move the cursor to the unknown 
variable m1. 


Optionally, you can enter an initial 
guess for m1. Even if you enter a 
value for all variables, the Numeric 
Solver solves for the variable marked 
by the cursor. 


5. Solve for the unknown variable. 


To check the solution’s accuracy, the 
left and right sides of the equation ar 
evaluated separately. The difference 
is shown as left- rt. If the solution is 
precise, left- rt=0. 


6. Graph the solution using a 
ZoomStd viewing window. 
The graph is displayed in a split 
screen. You can explore the graph b 
tracing, zooming, etc. 


7. Return to the Numeric Solver 
and exit the split screen. 


You can press (ENTER) or © to 
redisplay the list of variables. 


PPS] 9 


i(APPS] 9 


S| Ss] IS] fs] SS] tS 


lore) 


ifF2 


73 


i|Fi- (Fe [> |r Fe |. Fe 
Efreots|zotuefararh|Get Cursor |Eans|cte aéz. 


iJa=tm2—mLo-tmetml eg 


: MAIN RAG AUTO FUME 


5 ES FY FE Fe 
2][teots|so1ue|Grarh|Get Cursor |Eans|Clr a-z... 
Fa=(m2-mlo-“cm2tml stg 


(Fix (Fe [_Fe- Fa FE | FE 
i][reots|solue|Grarh|Get Cursor|Eans|CIr a-z... 


:[2nd 


— 
in 
+ 


:(F3] 2 


Display 


AFFCICATIONS: 


itor 
StWindow Editor 
4:Graeh 

5: Table 
6iData-Matrix Editor Ff 
YiProgram Editor ' 
StTexi Editor 


Tan 
eqnia=(me—-mlietmetmd erg 


a=o-d 

m2=10, 

ml= 

g=9.5 
bound=€-1.614,1. £145 


Fir | Fe F 


853, 2666666666667 
mz=10. 


g=3.8 
bound={-1. 614, 1.6143 

g/3 is evaluated when you 
move the cursor off the line. 


Fa=tme-mli-tmetml seg 

2) a=S. 2666666666667 
 m2=10, 

Hore. | 

3] g=9.9 

?] bound=€-1.614,1. 6147 
Feleft-rt=a. 

= marks the calculated values. 


: Fe~|_Fe [a] FE~ | Far 
= Zoom|Trace|ReGrarh|M ath) Drau)P et 


bound=(-1.e 
left-rt=H. 


= MAIN RAG AUTO FUME 


! The variable marked by the 
: cursor (unknown variable 

? m1) is on the x axis, and 

i left-rt is on the y axis. 
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Displaying the Solver and Entering an Equation 


Displaying the 
Numeric Solver 


Entering an 
Equation 


Tips: In your equation: 
¢ Do not use system 


function names (such as 


y1(x) or r1(8)) as simple 
variables (y1 or r1). 


¢ Be careful with implied 
multiplication. For 
example, a(m2+m1) is 
treated as a function 
reference, not as 
a* (m2+m1). 


Note: When you define the 


variables, you can either 
define exp or solve for it. 


Note: After you press (ENTER 


the current equation is 
stored automatically to the 
system variable eqn. 


To display the Numeric Solver, press 


APPS] 9. 


The Numeric Solver screen shows the 
last entered equation, if any. 


On the eqn: line, type in your 


equation. 


You can: 

Type an equation 
directly. 

Refer to a function or 


equation defined 
elsewhere. 


APFLICATIOMS 


3 
4 
St Table : ; 
6iUata-Matrix Editor + 
FiProgram Editor r 
B4Tex£ Editor LU 


on 
eqnias(m2-mlo-¢m2tml sg 


For example: 

a=(m2- m1)/(m2+m1)* g 

a+b=c+sin(d) 

Suppose you defined y1(x) on either the: 
Y= Editor: y1(x)=1.25x* cos(x) 
-~or-— 

¢ Home screen: Define y1(x)=1.25x* cos(x) 


In the Numeric Solver, you then would enter: 
y1(x)=0 or y1(t)=0, etc. 
The argument does not have to 


match the one used to define the 
unction or equation. 


Type an expression 
without an = sign. 


Recall a previously 
entered equation or 
open a saved 
equation. 


e+f- In(g) 


After you press [ENTER], the expression is set 
equal to a system variable called exp and 
entered as: 


exp=e+f- In(g) 


Refer to the applicable heading later in this 
section. 
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Recalling Previously 
Entered Equations 


Tip: You can specify how 
many equations are retained. 
From the Numeric Solver, 
press [Fi] and select 9:Format 
(or use TI-89: (*] 0 
TI-92 Plus: [*] F). Then select 
a number from 1 through 11. 


3. Press [ENTER]. 


Saving Equations 
for Future Use 


To store the current equation for future 


From the Numeric Solver 


screen, press [F5]. 


A dialog box displays the most 


recently entered equation. 


Select an equation. 


To select the displayed 
equation, press [ENTER]. 


To select a different 


equation, press @ to display 


a list. Then select the one 
you want. 


use, save it to a variable. 


1, 
Note: An equation variable 2 
has an EXPR data type, as 
shown on the MEMORY and 
VAR-LINK screens. 3. 


Opening a Saved 
Equation 


From the Numeric Solver screen, 
press [F1] and select 2:Save Copy As. 


Specify a folder and a variable 


name for the equation. 


Press [ENTER] twice. 


From the Numeric Solver screen, 


To open a previously saved equation 
variable: 


1. 


press [F1] and select 1:Open. 


Select the applicable folder and 


equation variable. 


Press [ENTER]. 


Variable eqn contains the current — 


LAST EQUATIONS 


Your most recently entered equations (up to 11 with the default 
setting) are retained in memory. To recall one of these equations: 


1. 


Equation: a=tme-miiy(mzerd eka + 


Enter =k 


ESC=CANCEL 


1 

a 

Sr Sangean ated 

4! estab Tea 
DP perGt+viet+, kak 
Biexsetf+langg 
Piylawkipe lore ltrs 
Bf Spy 2p 


‘— Only unique equations are 
listed. If you re-enter the 
same equation 5 times, it 
appears only once. 


Because the number of equations that you can recall with [F5] Eqns is 
limited, a particular equation may not be retained indefinitely. 


f SAVE COPY AS i 


Tepe: Eauation 
Folder: maine 
Variable: [test 


Enter=sAve 


ESCECAMCEL 


Tepe: Eauation 
Folder: mains 


Variable: 


equation; it always appears 
alphabetically in the list. 
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Defining the Known Variables 


Defining the List of 
Variables 


Note: If an existing variable 
is locked or archived, you 
cannot edit its value. 


Notes and 
Common Errors 


Note: When you assign a 
value to a variable in the 
Numeric Solver, that 
variable is defined globally. 
It still exists after you leave 
the solver. 


After typing your equation on [chen EDA LC 
Tools| Fo Tue) h]Gek Ci E Clr a-z... 
ee ols|SeTuelGraph| Get Cursor|Eang| CW az 


the eqn: line, press 


The screen lists the variables in mize 
the order they appear in the 

equation. If a variable is already 
defined, its value is shown. You The solution must be within 


a=(m2-mlo-cm2tml stg 


m1= 


o= 
bound=€-1.e14,1. 6143 


can edit these variable values. the specified bounds, which 


you can edit. 


Enter a number or expression for all variables except the one you 
want to solve for. 


If you define a variable: (Ein eiolet in |aaUroleiaew = ]) Poe 
Tools| So Tue fGr arh|Gek Cursor|Eans|CIr a-z...| 


— Interms of another seit Lee smean sag 


a=9-3 

variable in the equation, Borre 
that variable must be gm. 8 
defined first. bound=(-1. 614, 1.6143 

— Interms of another Since a is defined in terms 
variable that is not in the b hee Wien sun 
equation, that variable the cursor to another line, 
must already have a g/3 is evaluated. 
value; it cannot be 
undefined. 


— Asan expression, it is evaluated when you move the cursor off 
the line. The expression must evaluate to a real number. 


If the equation contains a (ERbde bloc Groller's I] 
Tools| So Tue /Gr arh|Get Cursor|Eans|Clr a-z...| 


variable already defined in d=mhs 
terms of other variables, — 
those other variables are c= 
: bound={-1.e14,1.6143 
listed. 


If variable a was defined — 
previously as b+c>a, then b 
and c are listed instead of a. 


If you refer to a previously (Ui eieletih laa Uranlaaew = ]] oe 
Tools| So Tue fGr arh|Get Cursor|Eans|Clr a-z...| 


defined function, any g=F Cx, yet 

variables used as — 

arguments in the function a 

call are listed, not the bound=€-1. 614, 1.6143 


variables used to define 
the function. 


f(a,b) was defined previously — 
as ¥(a‘2+b*2) and your 

equation contains f(x,y), then x 

and y are listed, not a and b. 


Chapter 19: Numeric Solver 337 


Note: You cannot solve for 
a system variable other than 
exp. Also, if the equation 
contains a system variable, 
you cannot use [F3] to graph. 


Note: This error occurs if 
you use a reserved name 
incorrectly or refer to an 
undefined system function 
as a simple variable without 
parentheses. 


Editing the Equation 


Specifying an Initial 
Guess and/or 
Bounds (Optional) 


Tip: To select an initial 
guess graphically, refer to 
pages 340 and 341. 


338 


¢ Ifthe equation contains a 
system variable (xmin, xmax, 
etc.), that variable is not 
listed. The solver uses the 
system variable’s existing 
value. 


¢ Although you can use a 
system variable in the 
equation, an error occurs if 
you use [F3] to graph the 
solution. 


¢ Ifyou see the error shown 
to the right, delete the 
entered variable value. Then 
edit the equation to use a 
different variable. 


Fir] Fe [Fs |_ fa Fe | Fe 
Tools| Soe) Grarh|Gek Cursor|Eans|Clr a-z..., 
MMSE De ey 

“= 


y= 
bound=€-1.614,1. 6143 


In the standard viewing window, 
xmax=10. 


ERROR 


Invalid variable reference 


ESCECAMCEL 


ERROR 


Reserued name or sustem variable —_| 


ESCECAMCEL 


For example, y1(x) is undefined 
and you use y1. 


In the Numeric Solver, press © until the cursor is on the equation. 
The screen automatically changes to show only the eqn: line. Make 


your changes, and then press [ENTER 


or © to return to the list of 


variables. 


To find a solution more quickly or to find a particular solution 
(if multiple solutions exist), you can optionally: 


¢ Enter an initial guess for 
the unknown variable. 
The guess must be within 
the specified bounds. 


¢ Enter lower and upper 
bounds close to the 
solution. 


Fir] Fe Far FY FE Fe 
Tools| So Tue fGr arh|Gek Cursor/Eans|Clr a-z...| 


S=Cm2—-m1o-Cm2t+m1 ekg 
a=, 2666666666667 


=. 8 | 


Initial guess must be — 
within the bounds. 


For the bounds, you can also enter variables or expressions that 

evaluate to appropriate values (bound={lower,upper}) or a valid list 
variable that contains a two-element list (bound=list). The bounds 
must be two floating point elements with the first one less than or 


equal to the second one. 
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Solving for the Unknown Variable 


Finding the Solution 


Note: To stop (break) a 
calculation, press (ON). The 
unknown variable shows the 
value being tested when the 
break occurred. 


Note: An iterative process is 
used to solve an equation. If 
the iterative process cannot 

converge on a solution, this 

error occurs. 


With all known variables 
defined: 


1. Move the cursor to the 
unknown variable. 


2. Press [F2] Solve. 


A «= marks the solution and 


left- rt. The = disappears 


when you edit a value, 
move the cursor to the 
equation, or leave the 
solver. 


Fir] re |= |. Fa Fe |. FE 
Toot:|Solve|Grarh|Get Cursor|Eans|Ctr a-z... 
a=(m2-mlo-cm2tml tg 

825, 2666666666667 

mz=10. 


nial 
9-3. 

bound={-1. 614, 1.6143 

Put the cursor on the variabl 


you want to solve for. 


Fir | Fe Fie FY FE Fe 
Tools| So Tue fGr ar h|Gek Cursor|Eans|Cr a-z...| 


a=(me—mloetmetnal tg 
a=3,. 2666666666667 
mz=10. 

71a 
g=9.5 
bound={-1.e614,1,6143 

sleft-rt=a,. 


e- 


Using the solution and your entered values, the left and right sides of 
the equation are evaluated separately. left- rt shows the difference, 
which indicates the solution’s accuracy. The smaller the value, the 
more accurate the solution. If the solution is precise, left-rt=0. 


If you: 
Want to solve for other 
values 


Do this: 
Edit the equation or variable values. 


Want to find a different 
solution for an equation 
with multiple solutions 


Enter an initial guess and/or a new set of 
bounds close to the other solution. 


See the message: 


ERROR 


Excessive iteration 


ESCSCAMCEL 


Press 


ESC 


. The unknown variable shows 


the value being tested when the error 
occurred. 


¢ The left- rt value may be small enough 
for you to accept the result. 


¢ Ifnot, enter a different set of bounds. 
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Graphing the Solution 


Displaying the 
Graph 


Tips: With split screens: 


e Use [2nd] [EE] to switch 
between sides. 


¢ The active side has a 
thick border. 


e The toolbar belongs to 
the active side. 


For more information, refer 
to Chapter 14. 


How the Graph 
Affects Various 
Settings 


Note: If you were previously 
using different mode 
settings, you will need to 
reselect those settings 
manually. 
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In the Numeric Solver, leave the 
cursor on the unknown variable. 


Press [F3] and select: 


1:Graph View 
_~or-— 

3:ZoomStd 
-~or-— 

4:ZoomFit 


The graph is shown in a split 


screen, where: 


¢ The unknown variable is 


plotted on the x axis. 


¢  left-rt is plotted on the y axis. 


tFoomstd 
45 ZoomF it 


Graph View uses the current 
Window variable values. 


For information about ZoomStd 
and ZoomFit, refer to Chapter 6. 


fesisevsn|rracelncGPorn|athor aula 

a=(m2-m1 ecm 

5=3, 26666664 

m2=10. 

ire. | 7 a 
we 


RA AUTO 


g=9.5 
bound=f-1.£ 
left-rt=H. 


MaAIM 


Solutions for the equation exist 


at left-rt=0, where the graph 


crosses the x axis. 


The current graph format 
settings are used. 


You can explore the graph by using the free-moving cursor, tracing, 
zooming, etc., as described in Chapter 6. 


When you use the Numeric Solver to display a graph: 


¢ The following modes 


are changed automatically to these settings: 


Mode 

Graph 

Split Screen 
Number of Graphs 


Setting 

FUNCTION Any functions selected 
in the Y= Editor will not 

LEFT-RIGHT be graphed. 


1 


¢ All stat plots are deselected. 


¢ After you leave the Numeric Solver, the Graph screen may 
continue to display the equation’s solution, ignoring any selected 
Y= functions. If so, display the Y= Editor and then return to the 
Graph screen. Also, the graph is reset when you change the Graph 


mode or use ClrGraph from the Home screen ([F4 


Chapter 19: Numeric Solver 


5) or a program. 


Selecting a New 
Initial Guess from 
the Graph 


Note: Cursor coordinate xc 
is the unknown variable 
value, and yc is the left- rt 
value. 


Returning to a Full 
Screen 


Clearing Variables 
Before Leaving the 
Numeric Solver 


Tip: Any time you want to 
clear single-character 
variables listed in the solver, 
use: 

TI-89: (2nd) [Fé] 
TI-92 Plus: |F6 


To use the graph cursor to select an initial guess: 


1. 


Move the cursor (either free-moving or trace) to the point that 


you want to use as the new guess. 


Use [2nd] [2] to make the 
Numeric Solver screen 
active. 


Make sure the cursor is on 
the unknown variable, and 
press [F4]. 


Press [F2] to re-solve the 
equation. 


From the split screen: 


ne 


osteo arn|cet curso]e ger ox 
a=Cm2-m1 omg 

5=3,. 26666664 

m2=16. 


bournd={ "1G. ,| 
left-rt=-4.q xeit 


MAIN RAG AUTO FUME 


sets the graph cursor’s xc value 
as an initial guess and the yc value 
as left-rt. The graph’s xmin and 

xmax values are set as the bounds. 


To display the Numeric Solver full screen, use [2nd] [==]] to make 


the solver screen active, press 


View. 


—or— 


To display the Home screen, press 


, and then select 2:Clear Graph 


[Quit] twice. 


When you solve an equation, its variables still exist after you leave 
the Numeric Solver. If the equation contains single-character 
variables, their values may inadvertently affect later symbolic 
calculations. Before leaving the Numeric Solver, you may want to: 


1. 


2. 


Press: 
TI-89: [2nd] [Fé] 
TI-92 Plus: [F6 


to clear all single-character variables in the current folder. 


Press [ENTER] to confirm the action. 


The screen returns to the solver’s eqn: line. 
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Number Bases 


Note: The MATH/Base 
menu lets you select from a 
list of operations related to 
number bases. 


Preview of Number Base...........cccccceeeseeeesessesceesesenesesseeseeeeaeeeees 344 
Entering and Converting Number Bases.... 

Performing Math Operations with Hex or Bin Nunibers 
Comparing or Manipulating Bits 


Wherever you enter an integer in a TI-89 / TI-92 Plus calculation, 
you can enter it in decimal, binary, or hexadecimal form. You can 
also set the Base mode to specify the form for displaying integer 
results. Fractional and floating-point results are always displayed 
in decimal form. 


Binary numbers use 0 and 1 
in the base 2 format: 


100 
[= 2 0= 40 
21*0= +0 
Qe 1-44 


Hexadecimal numbers use 
0-9 and A-F in the base 16 
format: 


A8F 


Dec Bin Hex 
Base 10 Base 2 Base 16 


OANDaARWNH-O 


OTMMUVUNOWDWYFOANDNAWN=-O 


= 16° * F= +15 
16! * 8 = +128 


16? * A = +2560 


= 


You can use the TI-89 / TI-92 Plus to convert a number from one 
base to another. For example, 100 binary = 4 decimal and A8F 
hex = 2703 decimal. 


Hexadecimal numbers are often used as a shorthand notation for 
longer, hard-to-remember binary numbers. For example: 


TOTO ETL QOtr on AF37 hexadecimal is usually easier to work 


7 with than 1010111100110111 binary. 


The TI-89 / TI-92 Plus also lets you compare or manipulate binary 
numbers bit-by-bit. 
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Preview of Number Bases 


Steps 


1. Display the MODE dialog box, 
Page 2. For Base mode, select 
DEC as the default number base. 
Integer results are displayed 


according to the Base mode. 
Fractional and floating-point results 


are always displayed in decimal form. } : 


Calculate 0b10+0hF+10. 


To enter a binary or hex number, you } 


must use the Ob or Oh prefix (zero and: 
the letter B or H). Otherwise, the entry, 
is treated as a decimal number. 


to binary. 


2 


I 


to hexadecimal. 


the default decimal base. 


Change the Base mode to HEX. 


When Base = HEX or BIN, the magnitude ; 
of a result is restricted to certain size 
limitations. Refer to page 346. 


Calculate 0b10+0hF+10. 


Change the Base mode to BIN. 


Re-enter 0b10+0hF+10. 


i(MODE 


Add 1 to the result and convert it : 


id) [>] displays the > conversion operator. : 


Add 1 to the result and convert it 


Add 1 to the result and leave it i in} 


F2 


2 


(use © to move 
to Base mode) 


:to Base mode) 


© to move ? 


Display 


MObE 


Fi FE FS 
Fade i)Fagde 2]Fage = 


gE )* Selit foreen... 
Split 1 are 


® 1 [ENTER © 1 (ENTER 
i 
‘o(auha) B 1 0G) 0 0B10q)0 de Geie + OnE + 18 = 
2nd) [a-lock] H F HF ?/Sb10+Ohf+10 
T ; 1 0 r 1 0 i MAIN | RAG AUTO FUME RELI 
zene i : Important: The Ob or Oh 
ENTER ?[ENTER : prefix is a zero, not the letter 
: : O, followed by B or H. 
+) 1 2nd) > :(4] 1 2nd] >] : 
:[2nd][a-lock] BIN i BIN 
alpha} [ENTER ENTER 
+) 1 2nd] >> iz 1 2nd) [>] 
:[2nd] [a-lock] HEX HEX 
ilalpha ENTER ENTER 
iH) 1 (ENTER +) 1 (ENTER /a bie + OhF + 10 27 
ia(27 + 1jeBin Abi 1160] 
?]m(Ob11106 + 1)eHex hi 0 
im GhiD +1 3a 
iJansC1>+1 
i i :LMAIM RAG AUTO FUME | 43 
:(MODE] [F2 : [MODE] (F2 ? Results use the 0b 
i(use©to move i(use@tomove: ___ oF Oh prefix to 
i : : identify the base. 
ito Base mode) ito Base mode) 
?® 2 (ENTER ?©) 2 (ENTER 
0 (alpha) B 1 0(4)0 !0B10(4)0 {a Gbi0 + OhF +10 Gh1B 
?(2nd)[a-lock] HF = =HF ?/Ob10+Ohf+10 
: & : = LMAIM KAD AUTO FUNC afzo 
?[alpha] [+ ?4)10 i 
?(ENTER ?(ENTER 
i (MODE) [F2 : (MODE) [F2 i 
i(use © to move i(use © to move 
ito Base mode) ito Base mode) 
?® 3 (ENTER ?© 3 (ENTER 
i ENTER i ENTER i "Gb10 + GhF + 10 GhiE| 
: i im Ob10 + GhF + 10 bi 1gi1 
:/Sbig+ohr+i0 
RAG AUTO FUME FRET) 
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= LMAIM 


Entering and Converting Number Bases 


Entering a Binary or 
Hexadecimal 
Number 


Note: You can type the b or 
h in the prefix, as well as 
hex characters A —F, in 
uppercase or lowercase. 


Converting between 
Number Bases 


Note: If your entry is not an 
integer, a Domain error is 
displayed. 


Alternate Method for 
Conversions 


To enter a binary number, use the form: 


Ob binaryNumber (for example: 0b11100110) 
|__________ Binary number with up to 32 digits 
Zero, not the letter O, and the letter b 


To enter a hexadecimal number, use the form: 


OhhexadecimalNumber (for example: 0h89F2C) 
|___________ Hexadecimal number with up to 8 digits 
Zero, not the letter O, and the letter h 


If you enter a number without the 0b or Oh prefix, such as 11, it is 
always treated as a decimal number. If you omit the 0h prefix on a 
hexadecimal number containing A — F, all or part of the entry is 
treated as a variable. 


Use the > conversion operator. 


For >, press [2nd] [>]. Also, you 
can select base conversions 
from the MATH/Base menu. 


integerExpression > Bin 

integerExpression b Dec 

integerExpression » Hex 
For example, to convert 256 must use the Ob or Oh prefix. 


[ For a binary or hex entry, you 
from decimal to binary: 


T 
= 256rBin SbissHaHoa0) 
256) Bin = Gb1O1110rHex Oh2E 
BbiGiiiGrhex i 
MAIN, RAD AUTO FUME [zrzo 


To convert 101110 from binary 


to hexadecimal: Results use the 0b or Oh 


prefix to identify the base. 
0b101110>Hex 


Instead of using >, you can: If Base mode = BIN: 


1. Use [MODE] (page 346) to set #256 Sb 1 HOGA 
the Base mode to the base aa a a Fine a 


that you want to convert to. 


If B de = HEX: 
2. From the Home screen, type ne 


the number that you want to 


= Gbioi1io Gh2E| 
i Gb1G1116 
convert (using the correct MAIN EAD AUTO FUNG FRrr 


prefix) and press [ENTER]. 
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Performing Math Operations with Hex or Bin Numbers 


Setting the Base 
Mode for Displayed 
Results 


Note: The Base mode 
affects output only. You 
must always use the Oh or 
0b prefix to enter a hex or 
binary number. 


Dividing When 
Base = HEX or BIN 


Size Limitations 
When Base = HEX 
or BIN 


1. Press [MODE] [F2] to display MODE 
Page 2 of the MODE screen. rade alpade zlpase > 


2. Scroll to the Base mode, 
press 0), and select the 
applicable setting. 


3. Press [ENTER] to close the 
MODE screen. 


The Base mode controls the If Base mode = HEX: 

displayed format of integer WOBIGi iol - Ob1ad Bhze| 

results only. pane tt OEE 
= OHSAZC 6 oh21 DE 

Fractional and floating-point Tana PERT Rbenee nen ca 

results are always shown in = GhC45A + GHSFOZ Bhiz42c] 

: Bhod5atoherde 
decimal form. MAIN RAD AUTO FUNG] EAE 


Oh prefix in result 
identifies the base. 


When Base=HExX or BIN, a If Base mode = HEX: 

division result is displayed in KER oe 
hexadecimal or binary form "the “=e | 

only if the result is an integer. . a 127.5) —J 
To ensure that division always ee 
produces an integer, use intDiv() MN ea ATO ——_SFUNE:—_— 3/28 


instead of [=]. Press [¢] [ENTER] to display the —! 
result in APPROXIMATE form. 


When Base=HEX or BIN, an integer result is stored internally as a 
signed, 32-bit binary number, which uses the range (shown in 
hexadecimal and decimal): 


OhFFFFFFFF oht 
4 1 
Pa a 
T 


: 1 
0h80000000 oho Oh7FFFFFFE 
-2,147,483,648 0 2,147,483,647 


If a result’s magnitude is too large to be stored in a signed, 32-bit 
binary form, a symmetric modulo operation brings the result into the 
range. Any number greater than Oh7FFFFFFF is affected. For 
example, 0h80000000 through OhFFFFFFFF become negative 
numbers. 
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Comparing or Manipulating Bits 


Boolean Operations 


Note: You can select these 
operators from the 
MATH/Base menu. For an 
example using each 
operator, refer to 


Operator with syntax 


not integer 


J integer 


integer1 and integer2 


Description 


Returns the one’s complement, where 
each bit is flipped. 


Returns the two’s complement, which is 
the one’s complement + 1. 


In a bit-by-bit and comparison, the result 
is 1 if both bits are 1; otherwise, the result 
is 0. The returned value represents the bit 
results. 


Appendix A in this book. 
um In a bit-by-bit or comparison, the result is 


1 if either bit is 1; the result is 0 only if 
both bits are 0. The returned value 
represents the bit results. 


integer1 or integer2 


In a bit-by-bit xor comparison, the result 
is 1 if either bit (but not both) is 1; the 
result is 0 if both bits are 0 or both bits 
are 1. The returned value represents the 
bit results. 


integer1 xor integer2 


Suppose you enter: If Base mode = HEX: 


0h7AC36 and Oh3D5F SGHFACTE and GhIDSF 


Bh2C1 6) 
Internally, the hexadecimal ghracsé and bhidst —_ 


integers are converted to a 
signed, 32-bit binary number. 


If Base mode = BIN: 


Then corresponding bits are 
compared. 


"GhrACIé and OhS05F 
Ob1i0119000010110 


Ghracsé and Ghidst 
Mal BA AUTO FUNG FRET 


Note: If you enter an integer Oh7AC36 = 0b00000000000001111010110000110110 

that is too large to be stored and and 

ie pisseakd pinay,  Oh3D5F = 0b00000000000000000011110101011111 
0b00000000000000000010110000010110 = 0h2C16 


operation brings the value 
into the range (page 346). — Leading zeros are not shown 
in the result. 


The result is displayed according to the Base mode. 
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Rotating and Function with syntax 
Shifting Bits rotate(integer) 
a 


rotate(integer,#ofRotations) 


Note: You can select these 
functions from the 
MATH/Base menu. For an 
example using each 
function, refer to Appendix A 
in this book. 


shift(integer) 
—or-— 
shift(integer,#ofShifts) 


Description 
If #ofRotations is: 


omitted — bits rotate once to the 
right (default is ~ 1). 


* negative — bits rotate the specified 
number of times to the right. 


* positive — bits rotate the specified 
number of times to the left. 


In a right rotation, the rightmost bit 
rotates to the leftmost bit; vice versa for 
a left rotation. 


If #ofShifts is: 


* omitted — bits shift once to the right 
(default is ~ 1). 


* negative — bits shift the specified 
number of times to the right. 


* positive — bits shift the specified 
number of times to the left. 


In a right shift, the rightmost bit is 
dropped and 0 or 1 is inserted to match 
the leftmost bit. In a left shift, the 
leftmost bit is dropped and 0 is inserted 
as the rightmost bit. 


Suppose you enter: 
shift(0h7AC36) 


Internally, the hexadecimal 


integer is converted to a signed, 


32-bit binary number. 


Then the shift is applied to the eshiftCOh7ACse) 
: Obi11101011900011011 
binary number. chaftiohracse) 
MAIN RAD AUTO FUNC PRET) 


If Base mode = HEX: 


es shift(GhrACse) Gh30616 
shift (Ohracs6> 
Mal BAD AUTO FUNG FRET 


If Base mode = BIN: 


is Each bit shifts to the right. 
Note: If you enter an integer Oh7AC36 = 0b00000000000001111010110000110110 


that is too large to be stored 
in a signed, 32-bit binary Inserts 0 if leftmost bit is 0, 
form, a symmetric modulo or 1 if leftmost bit is 1. 

operation brings the value 
into the range (page 346). 


Dropped 


0b00000000000000111101011000011011 = Oh3D61B 


— Leading zeros are not shown 
in the result. 


The result is displayed according to the Base mode. 
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Memory and Variable Management 


Note: Remember that 
variables can contain 
expressions, lists, functions, 
programs, graph figures, 
etc. 


Note: You can also use 
VAR-LINK to transfer 
variables between two 
linked TI-89s, a TI-92, or a 
TI-92 Plus. Refer to 
Chapter 22. 


Preview of Memory and Variable Management .... 350 
Checking and Resetting Memory.............. .. 353 
Displaying the VAR-LINK Screen.............. B55 
Manipulating Variables and Folders with VAR-LINK.. ../357 
Pasting a Variable Name to an Application .]3859 
Archiving and Unarchiving a Variable ... 360 
If a Garbage Collection Message Is Displayed 362 
Memory Error When Accessing an Archived Variable................005 364 


This chapter describes how to manage variables stored in the 
TI-89 / TI-92 Plus’s memory. 


MEMORY 


Text Ba? The MEMORY screen 
pat bata zoe shows how the memory is 
ates ie ot currently being used. 
Prar?Rsr epsker Bercy 
Picture Flashare = 474399 
Ftring Archive ABP 46 


RAM Free iS634H 
Enbar=0k Flash ROM Free 2rSe7e 


VAR-LINE CAT 


Fir | Fe | FS-/F4 [FS Fe Fe 
PangdevicuLink) ~ JATI [Contents|F Tasha 


The VAR-LINK screen 
displays a list of defined 
variables and folders. For 
information about folders, 
refer to Chapter 5. 


You can also store variables in the TI-89 / TI-92 Plus’s user data 
archive, a protected area of memory separate from RAM (random 
access memory). 


You can 
archive and 
+ 
unarchive 
a variable. 


TI-89 / 
TI-92 Plus 
RAM 


User Data 
Archive 


Archiving variables can be very useful (page 360). However, if 
you do not need the benefits of the user data archive, you do not 
need to use it. 
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Preview of Memory and Variable Management 


Steps 


1. From the Home screen, assign 
variables with the following 
variable types. 


Expression: 5 >x1 
Function: x? +4 >f(x) 
List: {5,10} >11 


Matrix: [30,25] >m1 


2. Suppose you start to perform an i 


operation using a function 
variable but can’t remember its 
name. 


3. Display the VAR-LINK screen. 
This example assumes that the 


variables assigned above are the only: 
ones defined. 


4. Change the screen’s view to 
show only function variables. 


Although this may not seem 
particularly useful in an example with § 


four variables, consider how useful it : 
could be if there were many variables 


of all different types. 
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5 (Manage) view]Li 


Folder... ATL? 


Display 
HOME) (CLEAR) © =(#) [HOME] (CLEAR) :\fresislardoraldatclatherler'sulerean un 
5 STO] X1 £5 (STO>) X1 i 
ENTER (ENTER ete 7 
~ lyn ext to fxd Done 
XG) 2G) 4 S105) :XO) 204800) ts tayo Pert 
alpha} FC XDJ = FLO XO Ja[30_ 2573 mi [3025] 
: Tso, 25 lomi 
ENTER : ENTER : [MAIN oan AUTO FUNC DRED 
andit{]5G)10 ind [t]5L)10 : 
2nd] [ +] (STO) :(2nd] [}] (STO 
alpha) L 1 (ENTER) iL 1 (ENTER : 
i2nd}[C]30G)25 ifnd[t]300)25: 
?(2nd) [3] (STOP) ?(2nd) [1] [STO>) i 
:falpha] M 1(ENTER) :M 1 (ENTER : 
5k i5 fk | 5x 
(2nd) [VAR-LINK] (2nd) [VAR-LINK] f WAR-LINK CANT 
H i EP Fis [Fe Vicia [Foq Fa Fr 
: 11 MAT 12 
mi MAT 12 
xl EXPR 5 
: FI@©OOS i AOOOS5 VAR-LINK YEH 
: ENTER i ENTER Vite WORiObTes + 


Yar Tere 


\> 
ESC=CANCEL 


VAR-LIME CAI) 
Fir | Fe ake 


[aii fcoftints|rrazhare] 


Steps Display 


Parr 


5. Highlight the f function variable, 
and view its contents. 


Notice that the function was assigned : 
using f(x) but is listed as f on the 
screen. 


6. Close the Contents window. i ESC i ESC 


7. With the f variable still i ENTER : ENTER ; 5% f ( 


highlighted, close VAR-LINK and i i i L_ Notice that “ ("is 
paste the variable name tothe: : i pasted. 


entry line. : 
ENTER ibe F(2) 


8. Complete the operation. i2 ENTER 2 


Archiving a variable: 


9. Redisplay VAR-LINK, and i 2nd] [VAR-LINK] ‘ina [VAR-LINK] i AR=LIMK, CAI 


highlight the variable you want (use © to (use @ to; aioe cba 
: i niohli thishli : fe FUNG 18 

to archive. ehighlight x1) highlight x1) i 11 he if 

The previous change in viewisno i i td FIG 36 

longer in effect. The screen lists all 


defined variables. 


10. Use the [F1] Manage toolbar menu ; 18 Fi 8 
to archive the variable. : : 


\ x indicates the 
variable is archived. 


11. Return to the Home screen and —_ :{HOME ie 5- #02) 4g] 
use the archived variable ina — :6() X1 (ENTER) : ENTER] ro xt 30 
calculation. i i :lMaIN RA AUTO FUNG eran 

12. Attempt to store a different #1 O[STO>) X1 :1 0(STO>} X1 i ERROR 
value to the archived variable. _?{ENTER ?(ENTER 3 | Yariabte is locked: rrotecteds or 

i 

13. Cancel the error message. i ESC i ESC 
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Steps 


14. Use VAR-LINK to unarchive the 
variable. 


15. Return to the Home screen and 
store a different value to the 
unarchived variable. 


Deleting variables: 


16. Display VAR-LINK, and use the 
F5] All toolbar menu to select all 
variables. 


A V mark indicates items that are 
selected. Notice that this also 
selected the MAIN folder. 


Note: Instead of using [F5] (if you don ti 


want to delete all your Vatabes! you : 
can select individual variables. 


Highlight each variable to delete and i 


press [F4). 


For information about deleting individual § 


variables, refer to page 357. 
17. Use [Fi] to delete. 


Note: You can press (—] (instead of 


18. Confirm the deletion. 


19. Because [F5] 1 also selected the 
MAIN folder, an error message 


states that you cannot delete the i 


MAIN folder. Acknowledge the 
message. 


When VAR-LINK is redisplayed, the 
deleted variables are not listed. 


20. Close VAR-LINK and return to 
the current application (Home 
screen in this example). 


When you use [ESC] (instead of (ENTER) ) : 


to close VAR-LINK, the highlighted 
name is not pasted to the entry line. 


i 


d) [VAR-LINK] 


S 


(use © to 
highlight x1) 


nd] [VAR-LINK] 


:(F5) 1 


‘aid 


Fi] 1) to delete the marked variables. ? 


i(ENTER 


i(ENTER 


i(ESC 


(2nd) [VAR-LINK] 


:[2nd) [VAR-LINK] 
: F5) 1 


1 


i(ENTER 


i(ENTER 


ESC 


if WAR-LINK CATIT % 
: FE 


Display 
Pes Fez) 40] 
Hee xt 30 
8 6-x1104x1 
Error? Wariable is lockeb 
e104 a 1g) 
7/105 


LMA RAD AUTO FUME Been 


1 elect A 
Deselect A 
SiSelect, Current 
4iExpand All 
SiCollapse All 


VAR -LIME, 


Delete: mainatsLarmdexd 


Enter=vEs EC=N0 
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Checking and Resetting Memory 


Displaying the Press [2nd] [MEM]. 
MEMORY Screen 


Size of history pairs 
saved in the Home 
screen's history area 


Tip: To display the size of 


er 
re 
i 
individual variables and Pravin tui Sistem esa Size of Flash applications 

Ye 

4B 

7a 


° * a 7 
Fick 3097 Flasher P15 Py 
determine if they are in the string Fe RPehe ABP Free space in RAM 
user data archive, use the RAM Freee 1962' 
VAR-LINK screen. Enter=0h Flach ROM free erSe; 


Free space in Flash ROM 


‘__ Includes programs written for the TI-89 / TI-92 Plus as well 
as any assembly-language programs you have loaded 


To close the screen, press [ENTER]. To reset the memory, use the 
following procedure. 


Resetting the From the MEMORY screen: 
Memory 


1. Press [Fi]. 


1 RAM F 


StAl] Menor 


2. Select the applicable item. 


Item Description 


Important: To delete RAM 1:All RAM: Resetting RAM erases all data and 


individual (instead of all) programs from RAM. 
variables, use VAR-LINK as . . : 
described on page 357. 2:Default: Resets all system variables and modes to 


their original factory settings. This does not affect any 
user-defined variables, functions, or folders. 

Flash ROM 1:Archive: Resetting Archive erases all data and 
programs from Flash ROM. 
2:Flash Apps: Resetting Flash Apps erases all Flash 
applications from Flash ROM. 
3:Both: Resetting both erases all data, programs, and 
Flash applications from Flash ROM. 


All Memory Resetting will delete all data, programs, and Flash 
applications from RAM and Flash ROM. 


Tip: To cancel the reset, 3. When prompted for confirmation, press [ENTER]. 
press [ESC] instead of [ENTER]. 


The TI-89 / TI-92 Plus displays a message when the reset is 
complete. 


4. Press [ENTER] to acknowledge the message. 
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Flash ROM free on The Flash ROM free displayed on MEMORY 


the MEMORY the Memory screen [2nd] [MEM] is 

Screen shared by archive and Flash 
applications. This Flash ROM is Framckem 408) Sieters = gEP em 

Ficture 30S? Flashare  4°i399 

divided into sectors of 64-KB esring fee fective, abet 
memory. Each individual sector 

Note: For TI-92 Plus can contain either archive or Flash 

Modules and some TI-89 applications, but not both. Shows Flash ROM free 

users, their maximum Therefore, the actual maximum 

504 KB pases pes ow available space for archive or Flash 

much free Flash ROM is applications can be less than the 

available. total Flash ROM free shown on the 


memory screen. 


variable A 
variable B 
variable C 
Available 
for Archive 
(89-KB) 
Flash 
ROM free ——] 
(114-KB) 
Available 
for Flash 
applications 
(89-KB) 
Flash application A 
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Displaying the VAR-LINK Screen 


Displaying the 
VAR-LINK Screen 


Note: For information about 
using folders, refer to 
Chapter 5. 


Tip: Type a letter repeatedly 
to cycle through the names 
that start with that letter. 


Variable Types as 
Listed on VAR-LINK 


Press 


2nd 


[VAR-LINK]. By default, the VAR-LINK screen lists all user- 


defined variables in all folders and with all data types. 


Folder names 
(alphabetically | 
listed) 


WAR-LIME CATT] 


hows install 
rte Pilettadraest| — Shows installed 


Size in bytes 


'___ Data type 
‘_ Variable names (alphabetically listed) 


This... Indicates this... 

F3] Link Lets you transmit variables and Flash applications 
between units and update the product software in your 
TI-89 / TI-92 Plus. Refer to Chapter 22. 

» Collapsed folder view. 

v Expanded folder view (to right of folder name). 

v You can scroll for more variables and/or folders. 

v If selected with [F4]. 

a Locked 

x Archived 


To scroll through the list: 

e Press © or ©. (Use [2nd] © or [2nd] © to scroll one page at a time.) 
—or— 

¢ Type a letter. If there are any variable names that start with that 
letter, the cursor moves to highlight the first of those variable 


names. 
Type Description 

ASM Assembly-language program 

DATA Data 

EXPR Expression (includes numeric values) 
FUNC Function 

GDB Graph database 

LIST List 

MAT Matrix 

PIC Picture of a graph 

PRGM Program 

STR String 

TEXT Text Editor session 
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Listing Only a 


Specified Folder 
and/or Variable 


Type, or Flash 


application 


Tip: To cancel a menu, 


press (ESC). 


Tip: To list system variables 
(window variables, etc.), 
select 3:System. 


Closing the 
VAR-LINK Screen 


Tip: For more information 


on using the 


ENTER 


paste 


feature, refer to page 359. 


If you have a lot of variables and/or folders, or Flash applications, it 
may be difficult to locate a particular variable. By changing VAR- 
LINK’s view, you can specify the information you want to see. 


From the VAR-LINK screen: 


1. Press [F2] View. ra VAR-LINE VIEH 5 
A P View... WEDREEEE 

2. Highlight the setting you want to Pegi tates 
change, and press (). This Var Tepe ATS 
displays a menu of valid SEnter=0K > GESS=tANEEL 
choices. 
View — Allows you to choose é TAR-LINE VIE “y 
variables, Flash applications, or TE srishles 


: i rower... 2EETashAPP 
system variables to view. oer 


Var Tere 
Enter=0K 3 ESCSCAMCEL 7 


Folder — Always lists 1:All and ra VAR-LINE VIEH y 
2:main, but lists other folders View... Pariables + 


only if you have created them. Folder. PPT 
Var Tere 
SEnter=0K 3 ESCSCAMCEL 7 


Var Type — Lists the valid TARCLINE VIET 
variable types. VEU ssn A 
Folder... 
var Tere | Sp Function 
centers] 6s Prograr 


'Picture 
String 


J indicates that you can scroll ——— 
for additional variable types. 


3. Select the new setting. 


4. When you are back on the VAR-LINK VIEW screen, press [ENTER]. 


The VAR-LINK screen is updated to show only the specified folder, 
and/or variable type, or Flash application. 


To close the VAR-LINK screen and return to the current application, 
use [ENTER] or [ESC] as described below. 


Press: To: 
ENTER Paste the highlighted variable or folder name to the cursor 


location in the current application. 


ESC Return to the current application without pasting the 
highlighted name. 
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Manipulating Variables and Folders with VAR-LINK 


Showing the 
Contents of a 
Variable 


Note: You cannot edit the 
contents from this screen. 


Selecting Items 
from the List 


Note: If you use [F4] to “ one 
or more items and then 
highlight a different item, the 
following operations affect 
only the “ed items. 


Tip: Press either @ ® to 
toggle between expand or 
collapse view when you 
have a folder highlighted. 


Deleting Variables 
or Folders 


Tip: When you use [F4] to 
select an expanded folder, 
its variables are selected 
automatically so that you 
can delete the folder and its 
variables at the same time. 


You can show all variable types except ASM, DATA, or GDB. For 
example, you must open a DATA variable in the Data/Matrix Editor. 


1. On VAR-LINK, move the cursor to highlight the variable. 
2. Press: ure 

TI-89: [2nd] [Fé] 

TI-92 Plus: [F6 


If you highlight a folder, the 
screen shows the number of 
variables in that folder. 


3. To return to VAR-LINK, press 
any key. 


For other operations, select one or more variables and/or folders. 


To select: Do this: 
A single variable Move the cursor to highlight the item. 
or folder 


A group of variables _—_ Highlight each item and press [F4]. A V is 

or folders displayed to the left of each selected item. 
(If you select a folder, all variables in that 
folder are selected.) Use [F4] to select or 
deselect an item. 


All folders and Expand the folder @, press [F5] All and 
all variables select 1:Select All. 


Selects the last set of 
items transmitted to your 
unit during the current 
VAR-LINK session. Refer 
to Chapter 22. 


Selecting 4:Expand All 
or 5:Collapse All will 
expand or collapse 
your folders or Flash 
applications. 


To delete a folder, you must delete all of the variables in that folder. 
However, you cannot delete the MAIN folder even if it is empty. 


1. On VAR-LINK, select the 
variables and/or folders. 


topy 
iRenane 


3 
2. Press [Fi] Manage and select 4i Mowe 
S'Create Folder 
1:Delete. (You can press 6: Cock 
: Yi UnLock 
[=] instead of [Fi] 1.) BlArchive Wariable 


VAR-LINK 


3. To confirm the deletion, 
press [ENTER]. 


Delete: ricd 


SEnter=vEs 3 SESCsMo 3 


Chapter 21: Memory and Variable Management 357 


Creating a New 
Folder 


Copying or Moving 
Variables from One 
Folder to Another 


Tip: To copy a variable to a 
different name in the same 
folder, use (STO>] (such as 
a1>a2) or the CopyVar 
command from the Home 
screen. 


Renaming Variables 
or Folders 


Locking or 
Unlocking Variables 
Folders, or Flash 
Applications 


For information about using folders, refer to Chapter 5. 


1. On VAR-LINK, press [F1] Manage and select 5:Create Folder. 


CREATE MEM FOLGER 


Felder: () 


SEnter=0K 2 CEFC=CAMCEL 7 


2. Type a unique name, and 
press [ENTER] twice. 


You must have at least one folder other than MAIN. You cannot use 
VAR-LINK to copy variables within the same folder. 


1. On VAR-LINK, select the variables. 


. Press [Fi] Manage and select 2:Copy or 4:Move. 


Folder: rain 


2 
3. Select the destination folder. 
4 


Variable: feTLamdspicd 
Ta: class > 


. Press [ENTER]. 


The copied or moved 
variables retain their 
original names. 


ESCSCAMCEL 


Remember, if you use [F4] to select a folder, the variables in that 
folder are selected automatically. As necessary, use [F4] to deselect 
individual variables. 


1. On VAR-LINK, select the variables and/or folders. 


2. Press [Fi] Manage and select 3:Rename. 


RKEMAME 


3. Type a unique name, and 
press [ENTER] twice. 


Folder: rvdin 
Variable: rich 
Tet 


ESCECAMCEL 


If you selected multiple items, 
you are prompted to enter a 
new name for each one. 


When a variable is locked, you cannot delete, rename, or store to it. 
However, you can copy, move, or display its contents. When a folder 
is locked, you can manipulate the variables in the folder (assuming 
the variables are not locked), but you cannot delete the folder. When 
a Flash application is locked, you cannot delete it. 


1. On VAR-LINK, select the variables and/or folders, or Flash 
application. 


2. Press [F1] Manage and select 6:Lock or 7:UnLock. 


WAR -LIMK CATT] 


indicates a locked variable, 
folder, or Flash application in 


indi eaivant it Cast 36 
x indicates an archived variable, aint HAT. 2 
which is locked automatically. wo pict PIC i547 
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Pasting a Variable Name to an Application 


Which Applications 
Can You Use? 


Procedure 


Note: You can also highlight 
and paste folder names. 


Note: This pastes the 
variable’s name, not its 
contents. Use (2nd) [RCu, 
instead of (2nd) [VAR-LINK], to 
recall a variable’s contents. 


From the following applications, you can paste a variable name to 
the current cursor location. 


Home screen, Y= Editor, Table Editor, or Data/Matrix Editor 
— The cursor must be on the entry line. 


Text Editor, Window Editor, Numeric Solver, or Program Editor 
— The cursor can be anywhere on the screen. 


Starting from an application listed above: 


1. 


Position the cursor where sin(| 
you want to insert the 


variable name. 


Press [2nd] [VAR-LINK]. 
cee: [aiinsel cul il [ni |contents|erashaes| 
Highlight the applicable CLASS + 
q a EXPR 7 
variable. MATH + 
ll LIST 26 
\r ml MAT 3? 


Press [ENTER] to paste the Fi 

: sin(al| 
variable name. 
Finish typing the sin(al)| 
expression. 


If you paste a variable name that is not in the current folder, the 
variable’s pathname is pasted. 


sin(class\a2| 


= Assuming that CLASS is not the current folder, this is 
pasted if you highlight the a2 variable in CLASS. 
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Archiving and Unarchiving a Variable 


Why Would You 
Want to Archive a 
Variable? 


Note: You cannot archive 
variables with reserved 
names or system variables. 


Checking for 
Available Space 


Note: If there is not enough 
space, unarchive or delete 
variables as necessary. 


The user data archive lets you: 


¢ Store data, programs, or any other variables to a safe location 
where they cannot be edited or deleted inadvertently. 


¢ Create additional free RAM by archiving variables. For 
example: 


— You can archive variables that you need to access but do 
not need to edit or change, or variables that you are not 
using currently but need to retain for future use. 


— Ifyou acquire additional programs for your 
TI-89 / TI-92 Plus, particularly if they are large, you may 
need to create additional free RAM before you can install 
those programs. 


Additional free RAM can improve performance times for certain 
types of calculations. 


Before archiving or unarchiving variables, particularly those with a 
large byte size (such as large programs): 


1. Use the VAR-LINK screen to find the size of the variable. 


2. Use the MEMORY screen to see if there is enough free space. 


For an: Sizes must be such that: 
Archive Archive free size > variable size 
Unarchive RAM free size > variable size 


Even if there appears to be enough free space, you may see a 
Garbage Collection message (page 362) when you attempt to archive 
a variable. Depending on the usability of empty blocks in the user 
data archive, you may need to unarchive existing variables to create 
more free space. 
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From the VAR-LINK 
Screen 


Tip: To select a single 
variable, highlight it. To 
select multiple variables, 
highlight each variable and 
press [F4] /. 


Note: If you get a Garbage 
Collection message, refer to 
page 362. 


Note: An archived variable 
is locked automatically. You 
can access the variable, but 
you cannot edit or delete it. 
Refer to page 364. 


From the Home 
Screen or a Program 


To archive or unarchive: 


1. Press [2nd] [VAR-LINK] to display the VAR-LINK screen. 


2. Select one or more variables, which can be in different folders. 
(You can select an entire folder by selecting the folder name.) 


3. Press [Fi] and select either: 


8:Archive Variable 
_~or- 
9:Unarchive Variable 


If you select 8:Archive Variable, the 
variables are moved to the user 
data archive. 


archived 
variables 


You can access an archived 
variable just as you would any 
locked variable. For all purposes, 
an archived variable is still in its 
original folder; it is simply stored 
in the user data archive instead of 
RAM. 


a 


howe 
iCreate Folder 


tLoc 
2 UriLoc k 


WAR-LIME CATT] 


lactose ili? [atilcontentrshaes| | 


a 
MAIH + 
f FUHC 37 
li LIST 26 
mi MAT Sr 
pict PIC 1547 
RAM User Data Archive 
CLASS a2 
pict 
MAIN 
i 
m1 
prog1 
s1 
text1 


Use the Archive and Unarchiv commands (Appendix A). 


Archive variable1, variable2, ... 


Unarchiv variable1, variable2, ... 
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If a Garbage Collection Message Is Displayed 


Responding to the 
Garbage Collection 
Message 


Why not Perform 
Garbage Collection 
Automatically, 
without a Message? 


Why Is Garbage 
Collection 
Necessary? 


Note: An archived variable 
is stored in a continuous 


block within a single sector; 


it cannot cross a sector 
boundary. 


Note: Garbage collection 
occurs when the variable 
you are archiving is larger 
than any empty block. 


When you see the message to the 
right: 


Marningd! About to Jar bade 
collect archive menory 


¢ To continue archiving, 
press [ENTER]. 
_or-— 

¢ To cancel, press [ESC]. 


ESC=CAMCEL 


After garbage collection, depending on how much additional space is 
freed, the variable may or may not be archived. If not, you can 
unarchive some variables and try again. 


The message: 


¢ Lets you know why an archive will take longer than usual. It also 
alerts you that the archive may fail if there is not enough memory. 


¢ Can alert you when a program is caught in a loop that repetitively 
fills the user data archive. Cancel the archive and investigate the 
reason. 


The user data archive is divided into sectors. When you first begin 
archiving, variables are stored consecutively in sector 1. This 
continues to the end of the sector. If there is not enough space left in 
the sector, the next variable is stored at the beginning of the next 
sector. Typically, this leaves an empty block at the end of the 
previous sector. 


] 7 ] SN NY 
Each variable that you archive is "variable A Sector 1 
stored in the first empty block large \ \ 
enough to hold it. ariable AN 
. Empty 
NS 
block 
WY Sector 2 
‘ variable D 
\N 
Depending on its size, 
variable D is stored in 
one of these locations. 
Sector 3 


This process continues to the end of 
the last sector. Depending on the size of individual variables, the 
empty blocks may account for a significant amount of space. 
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How Unarchiving a 
Variable Affects the 
Process 


If the MEMORY 
Screen Shows 
Enough Free Space 


The Garbage 
Collection Process 


When you unarchive a variable, it is \ variable A Sector 1 
copied to RAM but is not actually N \ 
deleted from the user data archive \ 
memory. oo 
After you unarchive 
variables B and C, they — i 
continue to take up space. 
\ 
Unarchived variables are “marked for R variable D R variable D Re 
deletion,” meaning they will be Sector 3 


deleted during the next garbage 
collection. 


Even if the MEMORY screen shows HENDRY 
enough free space to archive a 
variable, you may still get a 
Garbage Collection message. 


Bercy 
peuee “et Pashia 471335 


i ] RAM 196748 
When you unarchive a variable, the 


Archive free amount increases 
immediately, but the space is not Shows iieecpeeaina 
actually available until after the will be available after all 


next garbage collection. “marked for deletion” 
variables are deleted. 


If the RAM free amount shows enough available space for your 
variable, however, there probably will be enough space to archive it 
after garbage collection (depending on the usability of any empty 
blocks). 


The garbage collection process: Sector 1 
¢ Deletes unarchived variables from ‘ \Y 
the user data archive. \ variable D 
e Rearranges the remaining 
Sector 2 


variables into consecutive blocks. 
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Memory Error When Accessing an Archived Variable 


What Causes the 
Memory Error? 


Note: As described below, a 
temporary copy lets you 
open or execute an archived 
variable. However, you 
cannot save any changes to 
the variable. 


Note: Except for programs 
and functions, referring to 
an archived variable does 
not copy it. If variable ab is 
archived, it is not copied if 
you perform 6* ab. 


Correcting the Error 


Note: Typically, the RAM 
free size must be larger than 
the archived variable. 
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The Memory Error message is displayed if there is not enough free 
RAM to access the archived variable. This may cause you to ask, “If 
the variable is in the user data archive, why does it matter how much 
RAM is available?” The answer is that the following operations can 
be performed only if a variable is in RAM. 


¢ Opening a text variable in the Text Editor. 

¢ Opening a data variable, list, or matrix in the Data/Matrix Editor. 
¢ Opening a program or function in the Program Editor. 

¢« Running a program or referring to a function. 


So that you don’t have to unarchive variables unnecessarily, the 

TI-89 / TI-92 Plus performs a “behind-the scenes” copy. For example, if 
you run a program that is in the user data archive, the 

TI-89 / TI-92 Plus: 


1. Copies the program to RAM. 
2. Runs the program. 
3. Deletes the copy from RAM when the program is finished. 


The error message is displayed if there is not enough free RAM for 
the temporary copy. 


To free up enough RAM to access the variable: 


1. Use the VAR-LINK screen ((2nd] [VAR-LINK] ) to determine the size of 
the archived variable that you want to access. 


2. Use the MEMORY screen ((2nd] [MEM] ) to check the RAM free size. 


3. Free up the needed amount of memory by: 
¢ Deleting unnecessary variables from RAM. 


¢ Archiving large variables or programs (moving them from 
RAM to the user data archive). 
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Linking and Upgrading 


Linking Two Units 
Transmitting Variables, Flash Applications, and Folder: 
Transmitting Variables under Program Control........... 
Upgrading Product Software (Base Code)...... 
Collecting and Transmitting ID Lists.........00000... 
Compatibility between a TI-89, TI-92 Plus, and TI-92 


This chapter describes how to use the VAR-LINK screen to: 


¢ Transmit variables, Flash applications, and folders between 
two units 


¢« Upgrade the product software (base code) 
« Collect ID Lists 


It also includes information on transmitting variables under 
program control, and calculator compatibility. 


Variables include programs, functions, graph figures, etc. 


VAR-LINE CAT 
The VAR-LINK screen displays a Fir ite La Tal To FF 
list of defined variables, Flash Pangde vise Link| ~ [ATT contents|FTachapr: 
applications, and folders. For 
information about using folders, 
refer to Chapter 5. 
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Linking Two Units 


Connecting before 
Sending or 
Receiving 


Note: You can link a TI-89 
or TI-92 Plus to another 
TI-89, a TI-92 Plus, or a 
TI-92, but not to a graphing 
calculator such as a TI-81, 
TI-82, TI-83, TI-83 Plus, 
TI-85, or TI-86. 


Using firm pressure, insert one end of the cable into the I/O port of 
each unit. Either unit can send or receive, depending on how you set 
them up from the VAR-LINK screen. 


This shows how to link two TI-89 units together: 


Sending 


Receiving 
unit 


unit 


vo Pot ~ ro Poort 


Cable 


This shows how to link two TI-92 Plus units together: 


_ W/O Port 7 VO Port 


(eG a 1, (a 


y anmenee 92 Plus 


You can also use the unit-to-unit cable that came with your 
calculator to link a TI-89 and a TI-92 Plus together. 


_ VO Port 
“ ee qiee Pes 


melon 
Delt, 
a 
| pn Lo Les a | mi Gt 


it | NS a | 
CERECECAC) 
ice | Ce ae 


1/0 Port ~ 
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Transmitting Variables, Flash Applications, and Folders 


Setting Up the Units Most Flash applications will transfer only from a TI-89 to a TI-89 or 
from a TI-92 Plus to a TI-92 Plus. You cannot send Flash applications 
to a TI-92 unless it contains a Plus module and Advanced 
Mathematics 2.x product software (base code). For more calculator 
compatibility information, refer to page 380. 


1. Link two units as described on page 366. 


2. On the sending unit, press [2nd] [VAR-LINK] to display the VAR-LINK 
screen. 


3. On the sending unit, select the variables, folders, or Flash 
applications you want to send. Collapsed folders become 
expanded when selected. 


¢ To select a single variable or Flash application, move the 
cursor to highlight it. 


* Toselect a single folder, highlight it and press [F4] to place a 
checkmark (/) beside it. This selects the folder and its 


contents. 
Note: Use [F4] to select ¢* To select multiple variables, Flash applications, or folders 
multiple variables, Flash highlight each one and press [F4] to place a checkmark (V/V) 
applications, or folders. Use beside it 


F4] again to deselect any 
that you do not want to 
transmit. 


¢ To select all variables, Flash applications, or folders use 
F5) All 1:Select All. 


4. On the receiving unit, press (2nd) [VAR-LINK] to display the VAR- 
LINK screen. (The sending unit remains on the VAR-LINK screen.) 


5. On both the receiving and the sending unit, press [F3] Link to 
display the menu options. 


6. On the receiving unit, select 2:Receive. 


The message VAR-LINK: WAITING TO RECEIVE and the BUSY 
indicator are displayed in the status line of the receiving unit. 


7. On the sending unit, select either: 


¢ 1:Send to TI-89/92 Plus 
—or— 
¢ 3:Send to TI-92 


This starts the transmission. 


During transmission, a progress bar is displayed in the status line of 
the receiving unit. When transmission is complete, the VAR-LINK 
screen is updated on the receiving unit. 
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Rules for 
Transmitting 
Variables, Flash 
Applications, or 
Folders 


Note: You cannot send an 
archived variable to a TI-92. 
You must unarchive it first. 


Note: You must expand a 
folder before transmitting it 


or its contents. 


Canceling a 
Transmission 


Unlocked and unarchived variables having the same name on both 
the sending and receiving units will be overwritten from the sending 


unit. 


Locked and archived variables having the same name on both the 
sending and receiving units must be unlocked or unarchived on the 
receiving unit before they can be overwritten from the sending unit. 


You can lock, but you cannot archive a Flash application or a folder. 


If you select: What happens: 

Unlocked variable The variable is transmitted to the current 
folder and it remains unlocked on the 
receiving unit. 

Locked variable The variable is transmitted to the current 
folder and it remains locked on the receiving 
unit. 

Archived variable The variable is transmitted to the current 
folder and it remains archived on the 
receiving unit. 

Unlocked Flash If the receiving unit has the correct 

application certification, the Flash application is 
transmitted. It remains unlocked on the 
receiving unit. 

Locked Flash If the receiving unit has the correct 

application certification, the Flash application is 
transmitted. It remains locked on the 
receiving unit. 

Unlocked Folder The folder and its selected contents are 
transmitted. The folder remains unlocked on 
the receiving unit. 

Locked Folder The folder and its selected contents are 


transmitted. The folder becomes unlocked on 
the receiving unit. 


From either the sending or receiving unit: 


1. Press [ON]. 


An error message is displayed. 


2. Press [ESC] or [ENTER]. 
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Link Eransraissien 


ESC=CAMCEL 


Common Error and Shown on: 
Notification Sending 
Messages unit 


Note: The sending unit may 
not always display this 
message. Instead, it may 
remain BUSY until you 
cancel the transmission. 


Sending 
unit 


Receiving 
unit 


Receiving 
unit 


Message and Description: 


ERROR 


Link transraission 


Esc=CAMCEL 


This is displayed after several seconds if: 


¢ Acable is not attached to the sending unit’s I/O port. 
—or— 

¢ Areceiving unit is not attached to the other end of the 
cable. 
—or— 

¢ The receiving unit is not set up to receive. 


Press [ESC] or [ENTER] to cancel the transmission. 


Unlicensed Produce SOrEWIE Ss 


OF Flash Jee cation 


Enter=Ok ES CSCAMCEL 


The receiving unit does not have the correct certification 
for the product software (base code) or Flash application 
being sent. 


RECEIVE 


xd 


Oucrwrite: WO+ 


New Name is active 
only if you change 
Overwrite to NO. 


Hew Mare: 


ESCECAMCEL 


The receiving unit has a variable with the same name as 
the specified variable being sent. 


¢ To overwrite the existing variable, press [ENTER]. (By 
default, Overwrite = YES.) 


¢ To store the variable to a different name, set Overwrite 
= NO. In the New Name input box, type a variable 
name that does not exist in the receiving unit. Then 
press [ENTER] twice. 


¢ To skip this variable and continue with the next one, 
set Overwrite = SKIP and press [ENTER]. 


¢ To cancel the transmission, press [ESC]. 


ERROR 


Memory 


Enter=GOTO ES C=CAMCEL 


The receiving unit does not have enough memory for what is 
being sent. Press [ESC]or [ENTER] to cancel the transmission. 
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Deleting Variables, 
Flash Applications, 
or Folders 


Note: You cannot delete the 
Main folder. 


Note: Use [F4] to select 
multiple variables, Flash 
applications, or folders. Use 
F4] again to deselect any 
that you do not want to 
delete. 


Where to Get Flash 
Applications 


370 


1. Press (2nd 


[VAR-LINK] to display the VAR-LINK screen. 


2. Select the variables, folders, or Flash applications to delete. 


¢ To select a single variable or Flash application, move the 


cursor to highlight it. 


* Toselect a single folder, highlight it and press [F4] 


checkmark (/) beside it. This selects the folder and its 


contents. 


¢* To select multiple variables, Flash applications, or folders 


highlight each one and press [F4] 


beside it. 


to place a checkmark (/) 


¢ To select all variables, Flash applications, or folders use 


F5] All 1:Select All. 


3. Press [Fi] and choose 1:Delete. 


— or — 


Press [+]. A confirmation message appears. 


4. Press [ENTER 


For up-to-date information about 
available Flash applications, check 
the Texas Instruments web site at: 


education.ti.com 


or contact Texas Instruments as 
described in Appendix C. 


You can download a Flash 
application and/or certificate from 
the Texas Instruments web site to 
a computer, and use a TI-GRAPH 
LINK computer-to-calculator cable 
to install the application or 
certificate on your 

TI-89 / TI-92 Plus. 


For installation instructions, refer 
to the Flash Applications 
instructions in the front of this 
guidebook, or to your 

TI™ Connect online help or 
TI-GRAPH LINK guidebook. 
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Flash 
application 


to confirm the deletion. 


education.ti.com 


via T 


Cer 


7 Whe 


2500 
a 


to place a 


ificate 


Transmitting Variables under Program Control 


Overview of 
Commands 


The “Chat” Program 


Sets up this unit to 
receive and display —__ | 
the variable msg. 


Then lets this user 
enter a message in. ——_ 


msg and send it. 


Lets this user enter 
a message in msg 


and send it. ——— 


Then sets up this 
unit to receive and 
display msg. 


ao 


SendCalc sends a variable to the link port, where a linked calculator 
can receive the variable value. The linked calculator must be on the 
Home screen or must execute GetCalc from a program. If you send to 
a TI-92, however, an error occurs if the TI-92 executes GetCalc from a 
program. In this case, you must use SendChat instead. 


SendChat, a general alternative to SendCalc, is useful if the receiving 
calculator is a TI-92 (or for a generic chat program that allows a 
TI-89, TI-92, or TI-92 Plus to be the receiving calculator). SendChat 
sends a variable only if that variable is compatible with the TI-92, 
which is typically true in chat programs. However, SendChat will not 
send an archived variable, a TI-89 or TI-92 Plus graph data base, etc. 


The following program uses GetCalc and SendChat. The program 
sets up two loops that let the linked calculators take turns sending 
and receiving/displaying a variable named msg. InputStr lets each 
user enter a message in the msg variable. 


:Chat 
:Prgm 
:C1rl0 
:Disp "On first unit to send,"," enter 1;","0n first to receive," 
:InputStr " enter 0",msg 
:If msg="0" Then 
While true 
GetCalc msg 
Disp msg 
InputStr msg 
SendChat msg 
EndWhile 
:Else 
While true 
InputStr msg 
SendChat msg 
GetCalc msg 
Disp msg 
EndWhile 
:EndIf 
:EndPrgm 


Loop executed by the unit that 
receives the first message. 


Loop executed by the unit that 
sends the first message. 


To synchronize GetCalc and SendChat, the loops are arranged so that 
the receiving unit executes GetCalc while the sending unit is waiting 
for the user to enter a message. 


Chapter 22: Linking and Upgrading 371 


Running the This procedure assumes that: 


Program * The two calculators are linked with the connecting cable as 
described on page 366. 


¢ The Chat program is loaded on both calculators. (A program 
loaded on a TI-92 must use SendCalc instead of SendChat.) 
Note: For information about — Use each calculator’ s Program Editor to enter the program. 
using the Program Editor, —or— 
iter a Gnapter — Enter the program on one calculator and then use VAR-LINK to 
transmit the program variable to the other calculator as 
described on page 367. 


To run the program on both calculators: 


1. Onthe Home screen of each calculator, enter: 


chat() 
2. When each calculator displays its initial prompt, respond as 
shown below. 
On the: Type: 
Calculator that will send 1 and press [ENTER]. 


the first message. 


Calculator that will receive 0 and press [ENTER]. 
the first message. 


3. Take turns typing a message and pressing [ENTER] to send the 
variable msg to the other calculator. 


Stopping the Because the Chat program sets up an infinite loop on both 

Program calculators, press [ON] (on both calculators) to break the program. If 
you press [ESC] to acknowledge the error message, the program stops 
on the Program I/O screen. Press [F5] or [ESC] to return to the Home 
screen. 
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Upgrading Product Software (Base Code) 


Product Software 
(Base Code) 
Upgrades 


Important Product 
Software (Base 
Code) Download 
Information 


The term product software includes these two types of base code 
upgrades: 


¢« Maintenance upgrades (which are released free of charge). 


e Feature upgrades (some of which are for purchase). Before 
downloading a purchased feature upgrade from the Texas 
Instruments web site, you must provide your calculator’s 
electronic ID number. This information is used to create a 
customized electronic certificate that specifies which product 
software your unit is licensed to run. 


Installing either a maintenance upgrade or a feature upgrade resets 
all calculator memory to the original factory settings. This means 
that all user-defined variables, programs, lists, and Flash applications 
will be deleted. See the important information concerning batteries 
(below) and “Backing Up Your Unit Before a Product Software (Base 
Code) Installation” on page 374 before performing a base code 
(maintenance or feature) upgrade. 


New batteries should be installed before beginning a base code 
(maintenance or feature upgrade) download. 


When in base code download mode, the Automatic Power Down™ 
(APD™) feature does not function. If you leave your calculator in 
download mode for an extended time before you actually start the 
downloading process, your batteries may become depleted. You will 
then need to replace the depleted batteries with new batteries before 
downloading. 


You can also transfer base code from calculator-to-calculator using a 
unit-to-unit cable. If you accidentally interrupt the transfer before it 
is complete, you will need to reinstall the base code via a computer. 
Again, remember to install new batteries before downloading. 


Please contact Texas Instruments as described in Appendix C if you 
experience a problem. 
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Backing Up Your 
Unit Before a 
Product Software 
(Base Code) 
Installation 


Important: Before 
installation, install new 
batteries. 


Note: The computer-to- 
calculator cable is not the 
same as the cable that 
came with your calculator. 


Where to Get 
Product Software 
(Base Code) 


When you install a product software (base code) upgrade, the 
installation process: 


¢ Deletes all user-defined variables (in both RAM and the user data 
archive), functions, programs, and folders. 


¢ Could delete all Flash applications. 


¢ Resets all system variables and modes to their original factory 
settings. This is equivalent to using the MEMORY screen to reset 
all memory. 


To retain any existing variables or Flash applications, do the 
following before installing the upgrade: 


¢ Transmit the variables or Flash applications to another calculator 
as described on page 367. 
—or— 

¢ Use a TI-GRAPH LINK™ computer-to-calculator cable and 
TI™ Connect or TI-GRAPH LINK software (available at no charge 
from the Texas Instruments web site) to send the variables and/or 
Flash applications to a computer. 


If you have a TI-GRAPH LINK computer-to-calculator cable and 
software for the TI-92, be aware that the TI-92 TI-GRAPH LINK 
software is not compatible with either the TI-89 or the TI-92 Plus. The 
cable, however, works with all units. For information about 
obtaining a TI-GRAPH LINK computer-to-calculator cable for the 
TI-89 / TI-92 Plus, check the Texas Instruments web site at: 


education.ti.com 


or contact Texas Instruments as described in Appendix C. 


For up-to-date information about 
available product software (base 
code) upgrades and installation 
instructions, check the Texas 
Instruments web site at: 


education.ti.com 


ificate 


education.ti.com 


or contact Texas Instruments as 
described in Appendix C. 


You can download product 
software and/or a certificate from 
the Texas Instruments web site to a 
computer, and use a TI-GRAPH LINK 
computer-to-calculator cable to 
install it on your TI-89 / TI-92 Plus. 


ara. 
Whe 


For complete information, refer to 
the instructions on the web. 
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Transferring 
Product Software 
(Base Code) 


Important: For each 
receiving unit, remember to 
back up information as 
necessary and install new 
batteries. 


Important: Be sure both the 
sending and receiving units 
are in the VAR-LINK screen. 


If the sending TI-89 or TI-92 Plus has its original product software 
(base code) or a free maintenance upgrade, the receiving TI-89 or 
TI-92 Plus does not need a new certificate. Its current certificate is 
valid, and the maintenance upgrade can be transferred. 


If the sending TI-89 or TI-92 Plus has a purchased feature upgrade, the 
upgrade must be purchased for the receiving unit. A certificate can 
then be downloaded and installed on the receiving unit. After the 
certificate is installed, the feature upgrade can be transmitted. 


You can see which version of product software is in your 
TI-89 / TI-92 Plus. From the Home screen, press (F1] and select A:About. 


Product software (base code) will transfer only from a TI-89 to a 
TI-89 or from a TI-92 Plus to a TI-92 Plus. You cannot send Advanced 
Mathematics 2.x product software (base code) to a TI-92 unless it 
contains a Plus module. For more calculator compatibility 
information, refer to page 380. 


To transfer product software (base code) from unit to unit: 


1. Link two units as described on page 366. 


2. On the receiving and the sending unit, press [2nd] [VAR-LINK] to 
display the VAR-LINK screen. 


3. On the receiving and the sending unit, press [F3] Link to display 
the menu options. 


4. On the receiving unit, select 5:Receive Product SW. 


A warning message displays. Press [ESC] to halt the process, or 
press [ENTER] to proceed. Pressing [ENTER], displays VAR-LINK: 
WAITING TO RECEIVE and BUSY in the status line of the 
receiving unit. 


5. On the sending unit, select 4:Send Product SW. 


A warning message displays. Press [ESC] to halt the process, or 
press [ENTER] to start the transmission. 
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Transferring 
Product Software 
(continued) 


Do Not Attempt to 
Cancel a Product 
Software (Base 
Code) Transfer 


If You’re Upgrading 
Product Software 
(Base Code) on 
Multiple Units 


Note: Group certificates are 
also available. See 
page 378. 


Tip: Generally, transmitting 
a base code upgrade from 
unit-to-unit is much quicker 
than installing it via a 
computer. 


During the transfer, the receiving unit shows how the transfer is 
progressing. When the transfer is complete: 


¢ The sending unit returns to the VAR-LINK screen. 


¢ The receiving unit returns to the Home screen. You may need to 
use [¢] [=] (lighten) or [+] [+] (darken) to adjust the contrast. 


After the transfer starts, the receiving unit’s existing base code is 
effectively deleted. If you interrupt the transfer before it is complete, 
the receiving unit will not operate properly. You will then need to 
reinstall the base code (maintenance or feature) upgrade via a 
computer. 


To perform a maintenance upgrade on multiple units, you can 
transfer an upgrade from one unit to another instead of installing it 
on each unit via a computer. Maintenance upgrades are released free 
of charge and you do not need to obtain a certificate before you 
download or install them. 


Before installing a purchased feature upgrade, each TI-89 or 

TI-92 Plus must have its own unique certificate. During download and 
installation, you can choose both the certificate and feature upgrade 
or only the certificate. The illustration below shows the most 
efficient way to prepare multiple units for a purchased feature 
upgrade. 


From the computer, 
download and install the 
certificate and feature 
upgrade for one unit. 


From the computer, download and 
install only the unique certificate 
for each of the other units. 


Starting with the first unit, transfer the feature upgrade 
from one unit to another as described below. 


Preparing multiple TI-92 Plus units for a purchased feature upgrade 
works the same as illustrated above. 
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Error Messages Most error messages are displayed on the sending unit. Depending 
on when the error occurs during the transfer process, you may see 
an error message on the receiving unit. 


Error Message 


ERROR 


Link Eransraission 
4 SESCSCAMCEL 


ERROR 


Unlicensed ereduck sorb e 
or Flash gee lication 


Enter=Ok E:C=CAMCEL 


f ERROR 4 


Sidnaturs error 


\,_ SESCSCANCEL Z 
f ERROR y 


Bakkerigs boo Tow For 
Sendinde receiving FROME code 


\,_ SESCSCANCEL Z 


Description 


The sending and receiving units are 
not connected properly, or the 
receiving unit is not set up to 
receive. 


The certificate on the receiving unit 
is not valid for the product software 
(base code) on the sending unit. 
You must obtain and install a valid 
certificate. 


An error occurred during the 
transfer. The current product 
software in the receiving unit is 
corrupted. You must reinstall the 
product software from a computer. 


Replace the batteries on the unit 
displaying this message. 
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Collecting and Transmitting ID Lists 


ID Lists and Group 
Certificates 


Collecting ID Lists 


Note: You cannot view the 
ID list on the sending or 
collecting units. 


Note: Each time an ID list is 
successfully sent from one 
calculator to another, the ID 
list is automatically deleted 
from the sending unit. 


Note: If an ID is collected 
from a calculator twice, the 
duplicate ID is automatically 
deleted from the list. 


The ID list feature provides a convenient way to collect calculator 
IDs for group purchase of commercial applications. After the IDs are 
collected, transmit them to Texas Instruments so a group certificate 
can be issued. 


A group certificate allows distribution of purchased software to 
multiple TI-89 / TI-92 Plus units. The software can be loaded, deleted 
from, and reloaded to the calculators as often as needed for as long 
as the software remains listed in the group certificate. You may add 
new ID numbers and/or new commercial applications to a group 
certificate. 


You can use one calculator to collect all of the IDs, or use several 
collection units and then consolidate their ID lists onto one 
calculator. 


To send an ID number from one calculator to another, first connect 
two units by using the calculator-to-calculator cable that came with 
the TI-89 / TI-92 Plus. Refer to the illustrations on page 366. 


Step: On the: Do this: 
1. Collecting unit Display the Home screen. Press: 
(Receiving unit) TI-89: [HOME 

TI-92 Plus: [¢] [HOME] 
2. Sending unit a. Press [2nd][VAR-LINK]to display the VAR-LINK 
screen. 


b. Press [F3] Link 
and select coed te 

i P Sen roduc 
6:Send ID List. | = iReceive Product Sil 


The sending unit adds a copy of its unique ID 
number to the collection unit’s ID list. The 
sending unit always retains its own ID 
number, which cannot be deleted from the 
calculator. 


3. Additional units Repeat steps 1 and 2 until all the IDs are 
collected onto one calculator. 


Depending on available memory in the 
collection calculator, it is possible to collect 
over 4,000 IDs. 
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Transmitting the ID 
List to a Computer 


Clearing the ID List 


After all the IDs are collected onto one calculator, use the TI-GRAPH 
LINK™ software and a computer-to-calculator cable (available 
separately) to store the ID list on a computer. The ID list can then be 
sent as an e-mail attachment, or it can be printed and faxed or mailed 
to Texas Instruments. 


For complete instructions on how to transmit an ID list from a 
TI-89 / TI-92 Plus to a computer, refer to the TI-GRAPH LINK 
guidebook. The general steps are: 


1. Connect the cable to the computer and to the calculator that 
contains the ID list. 


2. Start the TI-GRAPH LINK software on the computer. 


3. Display the Home screen on the calculator. Press: 
TI-89: [HOME 
TI-92 Plus: (¢ ] [HOME] 


4. In the TI-GRAPH LINK software, select Get ID List from the Link 
menu. 


5. Select a directory on the computer in which to store the ID list 
and record this location for future reference. 


6. Click OK to store the ID list on the computer’s hard drive. 


The ID list remains on the collection calculator until you either clear 
it or send it to another TI-89 / TI-92 Plus. 


The ID list remains on the collection calculator after it is uploaded to 
the computer. You can then use the collection calculator to upload 
the list to other computers. 


To clear the ID list from the collection unit: 


1. Press [2nd] [VAR-LINK] to display the VAR-LINK screen. 


2. Press [Fi] Manage and select A:Clear ID List. 


'Mowe 
‘Create Folder 


tLock Wariable 
‘UnLock Variable 
tArchive Wariable 
Anarchs Waeriable 
iL 1S. 
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Compatibility between a TI-89, TI-92 Plus, and TI-92 


Main Types of All data is compatible between a TI-89 and TI-92 Plus, but some 
Incompatibilities programs written for one may not run the same on the other because 
of differences in the calculators’ screen sizes and keyboards. 


Compared to a TI-92, the TI-89 and TI-92 Plus: 


¢ Have functions, instructions, and system variables that do not 
exist on the TI-92. 


e Can use the same variable to define and then evaluate a user- 
defined function or program. For example, you can define a 
function in terms of x and then evaluate that function using an 
expression containing x. This causes a Circular definition error on 
the TI-92. Refer to Chapter 17: Programming for more 
information. 


¢ Manage local variables differently than the TI-92. Refer to 
Chapter 17: Programming for more information. 


Text versus When you create a function or program in the Program Editor, it 
Tokenized exists in text form until you run it. Then it is converted automatically 
to a tokenized form. 


¢ Data in text form can always be shared between a TI-89, 
TI-92 Plus, and TI-92. However, the function or program may not 
give the same results when run on a different calculator. 


Note: If you use the — ¢ Data in tokenized form contains information that describes 
Program Editor to edit a included functionality. The TI-89 and TI-92 Plus use the same 


function or program that is in : ar 
fokenized form, it returns to tokenized forms, but the TI-92 is different. 


text form until the next time 


you run it — Ifyou attempt to send a tokenized function, program, or other 


data type from a TI-89 or TI-92 Plus to a TI-92, the TI-89 or 
TI-92 Plus automatically checks to be sure the functionality is 
acceptable for the TI-92. If not, the data is not sent. This is for 
your protection because the tokenized data could cause the 
TI-92 to lock up if the data is sent with invalid functionality. 


— Even if the tokenized data is sent, this does not guarantee that 
the data will give the same results on the other calculator. 
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TI-92 to TI-89 
or TI-92 Plus 


TI-89 or TI-92 Plus 
to TI-92 


All user-defined variables, including functions and programs, can be 
sent from a TI-92 to a TI-89 or TI-92 Plus. However, they may behave 
differently. Examples are: 


Conflicts between TI-89 / TI-92 Plus system variable, function, and 
instruction names and TI-92 user-defined names. 


Programs or functions that use symbolic local variables. On a 
TI-89 and TI-92 Plus, a local variable must be initialized with a 
value before it can be referenced (meaning that a local variable 
cannot be used symbolically), or you must use a global variable 
instead. This includes programs that evaluate strings as local 
variables that are symbolic, such as expr‘). 


Any functionality that exists on a TI-89 or TI-92 Plus and NOT ona 
TI-92 will NOT run as expected on a TI-92. In some cases (text form), 
the data will transfer but may give an error when run on the TI-92. In 
other cases (tokenized form), the data may not be sent to the TI-92. 


If the data contains only functionality available on a TI-92, it can 
probably be sent to and run on a TI-92 with the same results. 
Exceptions include: 


Graph databases (GDBs) will not be sent because the TI-89 and 
TI-92 Plus use a GDB structure that has more information than the 
TI-92 GDB. 


A function or program defined in terms of a variable such as x 
and then evaluated using some expression containing that same 
variable will run on a TI-89 and TI-92 Plus, but will cause a Circular 
definition error on a TI-92. 


Some existing TI-92 functions and instructions have enhanced 
functionality on a TI-89 and TI-92 Plus (such as NewData, 
setMode(), and matrix functions that use the optional tolerance 
argument). These functions and instructions may not be sent at 
all or may cause an error on a TI-92. 


Archived variables will not be sent to a TI-92. Unarchive the 
variables first. 


Data variables that contain headers will not be sent. Those 
without headers will be sent only if the contents are TI-92 
compatible. 


Product software (base code) upgrades. 


Flash applications. 


You can upgrade a TI-92 to a TI-92 Plus by installing a TI-92 Plus 
Module. See the Texas Instruments web site education.ti.com 
for more information. 
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Activities 


Analyzing the Pole-Corner Problem ...........::ceceeecesseeeeeeeeeeeeeneeaeeeeeees 
Deriving the Quadratic Formula ... a 
Exploring a Matrix iss.c isos sl areiecspuscsreciave aed Gasmatoinanssnea idiom ncassed 
Exploring Cos(x) = SINK): siasacccssyscdesarciaianpssstensassssacccasctcisseaseiscasaansiedened 
Finding Minimum Surface Area of a Parallelepiped.. ead 
Running a Tutorial Script Using the Text Editor... eee 
Decomposing a Rational FUNCTION... ce eeseeeeeeeeeeeeeeseeeeeeeeeeeeneeee 
Studying Statistics: Filtering Data by Categories 
CBL 2/CBL Program for the TI-89 / TI-92 Plus. 
Studying the Flight of a Hit Baseball.........0.000... i 
Visualizing Complex Zeros of a Cubic Polynomial...........:eeeeseeeees 
Solving a Standard Annuity Problem...........c cee eceeeeeeeeeeteeeeeeeeeeneeeeee 
Computing the Time-Value-of-Money............ 
Finding Rational, Real, and Complex Factors.. ey 
Simulation of Sampling without Replacement.............cseeeeeeeeeeeeee 


This chapter contains activities that show how the 
TI-89 / TI-92 Plus can be used to solve, analyze, and visualize actual 
mathematical problems. 


FS FY Fo+] Far [Fe 
Trace| Re Grarh| Math} or aw | Pen 


1 


RAD AUTO 
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Analyzing the Pole-Corner Problem 


Maximum Length of —_ The maximum length of a pole c is the shortest line segment touching 
Pole in Hallway the interior corner and opposite sides of the two hallways as shown 


in the diagram below. 


Hint: Use proportional sides and the Pythagorean theorem to find 
the length c with respect to w. Then find the zeros of the first 
derivative of c(w). The minimum value of c(w) is the maximum length 


of the pole. 
Tip: When you want to 1. Define the expression for side 
define a function, use ain terms of w and store it in 
multiple character names as a(w) 


you build the definition. 
2. Define the expression for side 
b in terms of w and store it in 
b(w). 


3. Define the expression for side c 
in terms of w and store it in 
c(w) 

Enter: Define c(w)= 
V (a(w)*2+b(w)*2) 


Note: The maximum length 4. Use the zeros() function to 

of the pole is the minimum compute the zeros of the first 

valuearewny. derivative of c(w) to find the 
minimum value of c(w). 
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Define atwieu+ 5 Done} 
Define atwiswts 
MaAIM RAD AUTO FUNG FRET) 
"Define atwiy=w+5 Done 
"Define bow) AB stu 

Done 
Define bewi=1iatw “yw 
MAM RAD AUTO FUNG FFT] 


Fir] Fe~ [Fe-( Fu] FE Fer 
Tools AT ebrajlate| Other |FramiO}C lean Ue} 
rT or co 


"OCefine bow Ah atu) 


Dore 


SDefine ctw) =. atu)" +(beub 


Done 
afte COW Cato 2+b twos 
MAIN RAD AUTO FUNC FIFI) 


Ti | fe |F| Pr Ee 
roots|argebra|cate|ather|Frdratg|crean Us| 
; a 2 , 
"Define ctw =|Catwil* + (btn 
Dore} 


. zeros(qij(ecw)) 5 ws] 
2°35 
{5:2 + 


zerostdéctus yw, w) 
Mal RAD AUTO FUNG DrFT) 


Hint: Use the auto-paste 
feature to copy the result 
from step 4 to the entry line 
inside the parentheses of 
c( ) and press [#] (ENTER). 


5. Compute the exact maximum 
length of the pole. 


Enter: c (2nd) [ANS] ) 


6. Compute the approximate 
maximum length of the pole. 


Result: Approximately 20.8097 
feet. 


Fir] Fe~ [Fe-( Fur] FE For 
Tools AT ebraCate| Other FramiO}C lean Ue] 


. zeros] glow?) 2 "| 
t5-22°5 
aclt5-22°53) 
a2 
{s-(2234)°7} 
clans¢1oo 
MAIN, 


RAG AUTO FUME ERrr) 


Fir] Fe~ [Fe-( Fur [Fe For 
Tools AT ebrajCate| Other FramiO}C lean Ue] 


ca 2eeS 


wcles- 22753) 
{5.223417} 


acl 5-22°53) (20, 90973 
PERT aIV EASED 
MAIN, RAD AUTO FUNC ELI 


Chapter 23: Activities 385 


Deriving the Quadratic Formula 


Performing 
Computations to 
Derive the Quadratic 
Formula 


Note: This example uses 
the result of the last answer 
to perform computations on 
the TI-89/TI-92 Plus. This 
feature reduces keystroking 
and chances for error. 


Tip: Continue to use the last 
answer ((2nd) [ANS] ) as in step 
3 in steps 4 through 9. 


Perform the following steps to derive the quadratic formula by 
completing the square of the generalized quadratic equation. 


1. 
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Clear all one-character 
variables in the current folder. 
TI-89: [2nd] [Fé] 
TI-92 Plus: [F6 
Choose 1:Clear a-z and press 
ENTER] to confirm. 


On the Home screen, enter the 


generalized quadratic equation: 


ax? +bx+c=0. 


Subtract c from both sides of 
the equation. 

TI-89: (2nd) [ANS] ] (alpha) C 
TI-92 Plus: [2nd] [Ans] [=] C 


Divide both sides of the 
equation by the leading 
coefficient a. 


Use the expand() function to 
expand the result of the last 
answer. 


Complete the square by adding 
((b/a)/2)? to both sides of the 
equation. 


nax2tb-xte=0 
ax’tb-xte=G 
ate 2 +b to S8) 


MAIM RAG AUTO FUME aifen 


a(a-x24b-x+c=a)-c 


ax? +b-x= "cl 


ans linc 
MAlM RAD AUTO FUNG FFT 


: ax ¢bew= ce 
a 
xelax+b) -c 
a aah 
ans¢li-a 
MAM RAD AUTO FUNG FIFI] 
fae e 

a expand 02-2 * 8) ==] 


=a 
2,8 76 


expandtans¢ 133 
Mal 


RAG AUTO FUNC 4Azo 


a a 
: 2 2 
woop bx be _ bY | 
a 4-a2 4-g2 4 
anstlit+¢ bai eie2 
MAlM RAD AUTO FUNG FT) 


Note: This is only one of the 
two general quadratic 
solutions due to the 
constraint in step 9. 


10. 


Factor the result using the 
factor() function. 


Multiply both sides of the 
equation by 4a2. 


Take the square root of both 
sides of the equation with the 
constraint that a>0 and b>0 and 
x>0. 


Solve for x by subtracting b 
from both sides and then 
dividing by 2a. 


‘ 2 
s factor x2 +244)" oy 
a 4-a2 
2-axtb)® -([4-ac-b2] 
: Boa z 
ee ea eS SS 
factortans¢ 13) 
Mall RAD AUTO FUNC FT 


v4og2[@onsu* tee, 


(2-a-x +h? = la-ac- b=] 
4da*2eans tL 
HAM RAD AUTO FUNG EAFT) 


(2-a-x +b)? = -[4-a-c- 57] 


a l(2-ax +b)? = -[4-a-c-b2h 
Zaxtbes bi -4-a-c 


wSi35 ae and be and x20 
MAIN RAD AUTO FUNC B/z0 


s(o-a-x+b=lb2-4-acl-b 


z-avelb?—4-ac-b 


ans¢1o-b 
MAIN RAD AUTO FUNG FIFTY) 


a z-axe(b?—4-a-c-b 


2:8 


ans(13/@2a) 
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Exploring a Matrix 


Exploring a 3x3 
Matrix 


inverse. 


1. 


Tip: Use the cursor in the 3. 
history area to scroll the 
result. 


Tip: Use the cursor in the 4, 
history area to scroll the 
result. 
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On the Home screen, use 
RandSeed to set the random 
number generator seed to the 
factory default, and then use 
randMat() to create a random 
3x3 matrix and store it in a. 


Replace the [2,3] element of the 
matrix with the variable x, and 
then use the augment() 
function, to augment the 3x3 
identity to a and store the 
result in b. 


Use rref() to “row reduce” 
matrix b: 


The result will have the 
identity matrix in the first 
three columns and a‘~ 1 in the 
last three columns. 


Solve for the value of x that 
will cause the inverse of the 
matrix to be invalid. 


Enter: solve(getDenom( 
2nd] [ANS] [1,4] )=0,x) 


Result: x=~ 70/17 


> 


"RandSeed 0 Done 


Perform these steps to generate a random matrix, augment and find 
the identity matrix, and then solve to find an invalid value of the 


PrandMat(s, 3144 
q “S79 
4 2 6 
8 8 
randmat¢3, Disa 
MalM RAD AUTO TE FFT] 
mx 4+ a[2, 3] x 


saugment(a, identitucty +b 
q 4-9 1 6 06 


taxed 
FF & 8 ed 


augment ia, identityucss jb 
MAM RAD AUTO ZEG ETT] 


10 0 8S1- 


TFAlv-x+ 
18 + 
iv (ir-x+ roy *! 


MaAlM RAD AUTO ZEG FT) 
iageée 
Bsolve| getOenom| Oo 1 oF > 
ood1- 
x= 7 Th17] 
wet Deron (ans C1901, 41920, x. 
HAIN RA AUTO FUNC rT] 


Exploring cos(x) = sin(x) 


Method 1: 
Graph Plot 


Hint: Press [F5] and select 
5:Intersection. Respond to 
the screen prompts to select 
the two curves, and the 
lower and upper bounds for 
intersection A. 


Method 2: 
Symbolic 
Manipulation 


Hint: Move the cursor into 
the history area to highlight 
the last answer. Press 
ENTER] to copy the result of 
the general solution. 


Hint: To get the “with” 
operator: 

TF89: (1 
TI-92 Plus: {2nd} ['] 


Perform the following steps to observe where the graphs of the 
functions y1(x)=cos(x) and y2(x)=sin(x) intersect. 


a 


In the Y= Editor, set 
y1(x)=cos(x) and 2(x)=sin(x). 


In the Window Editor, set 
xmin=0 and xmax=3n. 


Press [F2] and select A:ZoomFit. 


Find the intersection point of 
the two functions. 


Note the x and y coordinates. 
(Repeat steps 4 and 5 to find 
the other intersections.) 


Intersection 
HC. PBSSoe cE 
MalH RAD AUTO FUNC 


Perform the following steps to solve the equation sin(x)=cos(x) with 
respect to x. 


1. 


2. 


On the Home screen, enter 
solve(sin(x)= Cos(x),x). 


The solution for x is where 
@n 1 is any integer. 


Using the ceiling() and floor() 
functions, find the ceiling and 
floor values for the 
intersection points as shown. 


Enter the general solution for x 
and apply the constraint for 
@n1 as shown. 


Compare the result with 
Method 1. 


= solve(sin(x) = costs), x) 
(4-@ni-3)-7 
(rr rae 


Solvetsingxs=cos tua, x) 
Mal RAD AUTO FUNC FRET 


4-@nl — 3)- 
. cei Ling| zeros| S-Se4 5), 


ti} 


. #oor| zeros| {+ Se4—S)n r 


ido 
we C4 4brid 2 een dF, rid 
MAIM RAG AUTO FUME ERFII 
ey Bd ot ec k 


4 
={2 Sem ant 
Re l4q 4 4 


_ (4-@ri - Fin 
nr Se 


|@rnt=<1b 
x= €.785398-3. 92 b 


wtti=3m/ 4) nl=th, 2, 33 
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Finding Minimum Surface Area of a Parallelepiped 


Exploring a 3D Perform the following steps to define a function for the surface area 
Graph of the of a parallelepiped, draw a 3D graph, and use the Trace tool to find a 
Surface Area of a point close to the minimum surface area. 
Parallelepiped 1. On the Home screen, define "Define sax, u.v)=2-x-u 4b 
: o 
the function sa(x,y,v) for the =e | 
surface area of a Mal RAD AUTO FUNG 1/20 
parallelepiped. 
Enter: define sa(x,y,v)=2* x* y+ 
2v/x+2v/y 
2. Select the 3D Graph mode. = 
Then enter the function for SELOTE 
z1(x,y) as shown in this ahzesten 42308) 
example with volume v=300. ze 
zB 
zr 
zZltx,yl=satx,u, OOo 
MAIN RAD AUTO 20 
3. Set the Window variables to: fr | 
Taos |2oura!| 
eye= [60,90,0] eueeeee: 
= [0,15,15] euey=8. 
= [0,15,15] xnan 15 
z= [260,300] Gnined, 
ymax=1 
ncontour= [5] garid 


race 
MaAIM RAG AUTO 20 


4. Graph the function and use 
Trace to go to the point close 
to the minimum value of the 
surface area function. 


zcr269.429 
wor. 


MAIN RAG AUTO FT 
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Finding the 
Minimum Surface 
Area Analytically 


Hint: Press [ENTER] to obtain 
the exact result in symbolic 
form. Press (#} [ENTER] to 
obtain the approximate 
result in decimal form. 


Perform the following steps to solve the problem analytically on the 


Home screen. 


1. Solve for x and y in terms of v. 
Enter: 
solve(d(sa(x,y,v),x)=0 and 
d(sa(x,y,V),y)=0,{x,y}) 


2. Find the minimum surface area 
when the value of v equals 300. 


Enter: 300>v 
Enter: sa(v*(1/3), v*(1/3),v) 


Define saCx,u, Uj S2-e-u th 
Dore 
. solve[ fe(sacx, ye =8 ab 


xeul3 and yeyls 


ww Gisatx, U,VI, WIth, Oe, ud od 
MAIN RAD AUTO FUNG fe 


le 


eso03u a 
Ls salyl?F le) 
60-1913 .32°5 


wsalul3 ul ul 268.984 


satu" Sau tl-so ud 
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Running a Tutorial Script Using the Text Editor 


Running a Tutorial Perform the following steps to write a script using the Text Editor, 
Script test each line, and observe the results in the history area on the 
Home screen. 
7 AFFLICATIONS 
1. Open the Text Editor, and perro =e 
create a new variable named 4:Graph 


demo1. 


Note: The command symbol 2. Type the following lines into the Text Editor. 
“C” is accessed from the 


F2] 1:Command toolbar : Compute the maximum value of f on the closed interval [a,b] 
menu. : assume that f is differentiable on [a,b] 

C : define f(x)=x*3- 2x*2+x- 7 

C:1>a:3.22>b 

C: d(f(x),x)> df(x) 

C : zeros(df(x),x) 

C: f(ans(1)) 

C: f({a,b}) 


: The largest number from the previous two commands is the maximum 
value of the function. The smallest number is the minimum value. 


Cifeta, be 
' The largest Humber fror 
the previous two command 
315 the maximum value oa 
f the function. The smal 
lest number is the minim 
um value, 


MAIN RAD AUTO 30 


3. Press [F3] and select 1:Script view to show the Text Editor and the 
Home screen on a split-screen. Move the cursor to the first line in 
the Text Editor. 


Fe Fe-{) FY 
Command |View) Execuke 


oOMpube the maximum Wa 
‘eof fon the closed in 
erval [a 

tassume that f is differe 


MAIN RAG AUTO 20 
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Note: Press [F3] and select 
2:Clear split to go back to a 


full-sized Text Editor screen. 


Tip: Press (2nd) [Quit] twice to 
display the Home screen. 


4. Press [F: 
time. 


gS 


repeatedly to execute each line in the script one at a 


Fax Fe-{ FY 
Command |View) Execuke 


trtiable ori EA 
CiDetine foxssx"S-2x"2tx— 


eDefine fx) =x 5-23-02 4 xP 
Dorre} 


MAIN RAD AUTO FUME 


peta bo} 
ia 


Whe largest number from 
ef(t{e bd 
C-? 8.869453 
Hal RA AUTO 3D 


5. To see the results of the script on a full-sized screen, go to the 


Home screen. 


Fir] Fe~ [Fe-( Fu [Fe Fer 
Tools AT ebrajCate| Other |FramiO}C lean Ue] 


eS cetd) 2 dex) Done! 


szeros(df(x), x) fied 13 
mPCLieS 12 {-4@ 7} 
sf(fa bo) {-7 8.869453 


MAIN RAD AUTO 20 12/20 
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Decomposing a Rational Function 


Decomposing a 
Rational Function 


Note: Actual entries are 1, 


displayed in reverse type in 
the example screens. 


2. 
Hint: Move the cursor into 3. 
the history area to highlight 
the last answer. Press 
ENTER] to copy it to the entry 
line. 
4. 
5. 
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f(x)=(x3 - 10x2 - x+50)/(x- 2) on a graph: 


On the Home screen, enter the 
rational function as shown 
below and store it in a function 
f(x). 


Enter: (x43- 10x*2- x+50)/ 
(x- 2)> f(x) 


Use the proper fraction 
function (propFrac) to split the 
function into a quotient and 
remainder. 


Copy the last answer to the 
entry line. 

—or— 

Enter: 16/(x- 2)+x*2- 8* x- 17 


Edit the last answer in the 
entry line. Store the remainder 
to y1(x) and the quotient to 
y2(x) as shown. 


Enter: 16/(x- 2)>y1(x): 

x42- 8* x- 17> y2(x) 

In the Y= Editor, select the 
thick graphing style for y2(x). 


To examine the decomposition of the rational function 


yor ioe xt x + 50 


Zoo + fl) 
Done 
eS Ca ee 
MAIN RAD AUTO FUNC 1/20 


= propFract(f(x) 


16 2 
atx -8-x-17 


x 


propFractfixia 
MAM RAD AUTO 2D FFT 


= propFract(f*ixy 
2 eyes 
Zoo + 8-x—- 17 


167 0x2 4x 2-84x- 1? 
Mal RAG AUTO 2D 2730 


ot suteg tx? -8-x- 1b 


x72 
Done 
OE ee ee ed ee 
MAIN RAD AUTO FUNG FT) 


Wace gen bekx 1? 
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Note: Be sure the Graph 
mode is set to Function. 


6. Add the original function f(x) to 
y3(x) and select the square 
graphing style. 


7. Inthe Window Editor, set the 
window variables to: 


x= [7 10,15,10] 
y=  [7- 100,100,10] 


8. Draw the graph. 


Petite eee 
MalM RAD AUTO FUNG 


Fir |_Fe 
Teo 1s Zour! 


MAIN RAG AUTO FUME 


Observe that the global behavior of the f(x) function is basically 
represented by the quadratic quotient y2(x). The rational expression 
is basically a quadratic function as x gets very large in both the 


positive and negative directions. 


The lower graph is y3(x)=f(x) graphed separately using the line style. 


MAIN RAG AUTO FUME 
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Studying Statistics: Filtering Data by Categories 


Filtering Data by Each student is placed into one of eight categories depending on the 

Categories student’s sex and academic year (freshman, sophomore, junior, or 
senior). The data (weight in pounds) and respective categories are 
entered in the Data/Matrix Editor. 


Table 1: Category vs. Description 


Category (C2) | Academic Year and Sex 


Freshman boys 
Freshman girls 
Sophomore boys 
Sophomore girls 
Junior boys 
Junior girls 
Senior boys 
Senior girls 


ANOnIRWNH 


Table 2: C1 (weight of each student in pounds) vs. C2 (category) 


Cl C2 Cl C2 Cl C2 Cl C2 
110 1 115 3 130 5 145 7 
125 1 135 3 145 5 160 7 
105 1 110 3 140 5 165 7 
120 1 130 3 145 5 170 7 
140 1 150 3 165 5 190 7 

85 2 90 4 100 6 110 8 

80 2 95 4 105 6 115 8 

90 2 85 4 115 6 125 8 

80 2 100 4 110 6 120 8 

95 2 95 4 120 6 125 8 
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Note: Set up several box 
plots to compare different 
subsets of the entire data 
set. 


Perform the following steps to compare the weight of high school 
students to their year in school. 


1. 


Start the Data/Matrix Editor, 
and create a new Data variable 
named students. 


Enter the data and categories 
from Table 2 into columns c1 
and c2, respectively. 


Open the [F 
menu. 


Ds) 


Plot Setup toolbar 


Define the plot and filter 
parameters for Plot 1 as shown 
in this screen. 


Copy Plot 1 to Plot 2. 


Repeat step 5 and copy Plot 1 
to Plot 3, Plot 4, and Plot 5. 


Tye Data+ 

Folder: rain + 

Variable: students 

KENGrSOK EStSCHNCEL 2 
MAN MM RAD AUTO FUNC 


Fir Fe Fe Fy Fe [Fox Fe 
Tools|Plot Sekur pce Header |CatciMeit|stak 


MAIN RAD AUTO FUME 


Mmainwstudents 


VFe |Fs ]F4 
CopeiC lear) 


Flo 
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ais Gackt 
Frea and Catedories? YESS 
Frea, 

tated 

Include 

CENter=sAVE 3 
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f mainwstudents 
)Fe 
or “ 
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7. Press [F1], and modify the 
Include Categories item for Plot 


2 through Plot 5 to the 
following: 
Catedory 
Plot 2: {1,2} | CoReSEE SEEN 
(freshman boys, girls) MAIN RAD AUTO FUME 
Plot 3: {7,8} 


(senior boys, girls) 
Plot 4: {1,3,5,7} 


(all boys) 
Plot 5: {2,4,6,8} 
(all girls) 
Note: Only Plot 1 through 8. Inthe Y= Editor, deselect any 
Plot 5 should be selected. functions that may be selected 


from a previous activity. 
of Plek 2: HOH ete Cre 
wf PIek 2 HOH xted Cre 


9. Display the plots by pressing 
F2] and selecting 9:Zoomdata. 


MaAIM RAG AUTO FUME 


10. Use the Trace tool to compare 


the median student weights for resislessinlrrdceleetrarn|aihlorault ea | 


Pl 


different subsets. —__ 4-1 
all students 
all freshmen 
all seniors OSE £31+ OF TiFE + LESCY=CAMCEL 
all boys 
all girls median, all students 
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CBL 2/CBL Program for the TI-89 / TI-92 Plus 


Program Instruction 


Description 


:cooltemp() 

:Prgm 

:Local i 
:setMode("Graph","FUNCTION") 
:PlotsOff 

:FnOff 

:ClrDraw 

:ClrGraph 

:ClrlO 
-10>xmin:99>xmax:10>xscl 
:-20>ymin:100>ymax:10>yscl 
{0}>data 

:{0}>time 

:Send{1 ,0} 

:Send{1,2,1} 

:Disp "Press ENTER to start" 
:Disp "graphingTemperature." 
:Pause 

:PtText "TEMP(C)",2,99 
:PtText "T(S)",80,-5 
:Send{3,1,-1,0} 


‘For i,1,99 

:Get datali] 

:PtOn i,data{i] 

:EndFor 
:seq(i,i,1,99,1)>time 
:NewPlot 1,1,time,data,,,,4 
:DispG 

:PtText "TEMP(C)",2,99 
:PtText "T(S)",80,-5 
:EndPrgm 


Program name 


Declare local variable; exists only at run time. 

Set up the TI-89 / TI-92 Plus for function graphing. 

Turn off any previous plots. 

Turn off any previous functions. 

Clear any items previously drawn on graph screens. 

Clear any previous graphs. 

Clear the TI-89 / TI-92 Plus Program IO (input/output) screen. 
Set up the Window variables. 


Create and/or clear a list named data. 

Create and/or clear a list named time. 

Send a command to clear the CBL 2/CBL unit. 

Set up Chan. 2 of the CBL 2/CBL to AutoID to record temp. 
Prompt the user to press [ENTER]. 


Wait until the user is ready to start. 

Label the y axis of the graph. 

Label the x axis of the graph. 

Send the Trigger command to the CBL 2/CBL; collect data in 
real-time. 

Repeat next two instructions for 99 temperature readings. 
Get a temperature from the CBL 2/CBL and store it in a list. 
Plot the temperature data on a graph. 


Create a list to represent time or data sample number. 
Plot time and data using NewPlot and the Trace tool. 
Display the graph. 

Re-label the axes. 


Stop the program. 


You can also use the Calculator-Based Ranger™ (CBR™) to explore the mathematical and 
scientific relationships between distance, velocity, acceleration, and time using data collected 


from activities you perform. 
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Studying the Flight of a Hit Baseball 


Setting Up a Perform the following steps to study the flight of a hit baseball that 
Parametric Graph has an initial velocity of 95 feet per second and an initial angle of 32 
and Table degrees. 


1. Set the modes for Page 1 as 
shown in this screen. 


Exron 
Complex Format... REAL + 

~ Hector Forrigt..... BECTAMGULARS 
Pretky Frint .. OW + 


CEnterssave <CESCSCANCEL 2 
USE € AND + TO OPEN CHOICES 


2. Set the modes for Page 2 as 
shown in this screen. 


Hint: Press (2nd) [°] to obtain 3. Inthe Y= Editor on the left 

the degree symbol. side, enter the equation for the 
distance of the ball at time t for 
xt1(t). 
xt1 (t)=95*t*cos(32°) 


xELeLissoetecos¢ 3299 
Mal BAD AUTO PAR 


4. Inthe Y= Editor, enter the 
equation for the height of the 
ball at time t for yt1(t). 
yt (t)="16*t*2+95*t* 
sin(32°) 


WEL eh = Leet o+o5ebrs int. 


MAIN RAG AUTO PAR 
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Hint: Press (2nd) [Ee]. 


Hint: Press [#] [Tolset]. 


Hint: Press [#) [TABLE]. 


Note: As you move the 
trace cursor from tc=0.0 to 
tc=3.1, you will see the 


position of the ball at time tc. 


Optional Exercise 


5. Set the Window variables to: 


t values= (0,4,.1] 
x values= [0,300,50] 
y values= [0,100,10] 


6. Switch to the right side and 
display the graph. 


7. Display the TABLE SETUP 
dialog box, and change tblStart thaskart: 
to 0 and Atbl to 0.1. a00r 


Graph <=> Table: OFF + 


Independent: AUTO+ 
Ente reSAve ESCSCAMCEL 
SSCI-Itn c 
MAIH RAG AUTO PAR 


8. Display the table in the left 
side and press © to highlight 
t=2. 


9. Switch to the right side. Press 
F3], and trace the graph to 
show the values of xc and yc 
when tc=2. 


Assuming the same initial velocity of 95 feet per second, find the 
angle that the ball should be hit to achieve the greatest distance. 
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Visualizing Complex Zeros of a Cubic Polynomial 


Visualizing Complex 
Roots 


Hint: Move the cursor into 
the history area to highlight 
the last answer and press 
ENTER], to copy it to the entry 
line. 


Note: The absolute value of 
a function forces any roots 
to visually just touch rather 
than cross the x axis. 
Likewise, the absolute value 
of a function of two variables 
will force any roots to 
visually just touch the xy 
plane. 


Note: The graph of z1(x,y) 
will be the modulus surface. 


Perform the following steps to expand the cubic polynomial 
(x- 1)(x- 7)(x+7), find the absolute value of the function, graph the 
modulus surface, and use the Trace tool to explore the modulus 


surface. 


1. 
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On the Home screen, use the 
expand() function to expand 
the cubic expression 

(x- 1)(x- 7) (x+¢) and see the first 
polynomial. 


Copy and paste the last answer 
to the entry line and store it in 
the function f(x). 


Use the abs() function to find 
the absolute value of f(x+y72). 


(This calculation may take 
about 2 minutes. ) 


Copy and paste the last answer 
to the entry line and store it in 
the function z1(x,y). 


Set the unit to 3D graph mode, 
turn on the axes for graph 
format, and set the Window 
variables to: 


eye= [20,70,0] 
X= [- 2,2,20] 
y= [- 2,2,20] 
z= [- 1,2] 
ncontour= [5] 


mexpand((x -— 1)-(x -@)-(x + ib 
JB Fx nd 
expands (x—1 dC acd DCE 

Hal fale AUTO FUNG FREE 


mexpandi(x — 1)-(x -d-(x + ip 
xo axt aed 

aye xf te 19 fox Dore} 

xox * 24x 1s oxd 

MalM RAD AUTO FUNG PFT 


elfex+y-d)l 


wo 2x text 24 i}-* 
abstftxtua i) 
MAIN RAD AUTO FUNC FIFI) 


bg wf 2x3 4a-xt [yes i]-* 


Done 
ae Pee ae se 
MAI BAD AUTO FUNG ET) 


Fir |_Fe~ 
Tools Zour! 


YMax=2. 
yarideso. 


fit = 
MAIN RAG AUTO FT] 


Note: Calculating and 
drawing the graph takes 
about three minutes. 


Summary 


6. Inthe Y=Editor, press: SHARE EUBMATS 
Coordinates RECT + 


TI-89: [¢] LI ACS ceeeceee OM # 

TI-92 Plus: [¢ ] F ae Minne SURFACES 

and set the Graph Format 

variables to: Enter=FAVE > EFCSCANCEL > 
Axes= ON 

Labels= ON 


Style= HIDDEN SURFACE 
7. Graph the modulus surface. 


The 3D graph is used to 
visually display a picture of the 
roots where the surface 
touches the xy plane. 


MAIN RAD AUTO 20 


8. Use the Trace tool to explore 
the function values at x=1 and 
y=0. 


9. Use the Trace tool to explore 
the function values at x=0 and 


y=1. 


a ucil. 
HalH BAD AUTO 20 


10. Use the Trace tool to explore : 
the function values at x=0 and 4 


y=" 1. 


to. yo 
HalH BAD AUTO 20 


Note that zc is zero for each of the function values in steps 7-9. Thus, 
the complex zeros 1, ~ i, i of the polynomial x3 - x2 +x- 1 can be 
visualized with the three points where the graph of the modulus 
surface touches the xy plane. 
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Solving a Standard Annuity Problem 


Finding the Interest 
Rate of an Annuity 


Tip: To enter the “with” (|) 
operator: 

TI-89: (1 
TI-92 Plus: (2nd] ['] 


Tip: Press (*] [ENTER] to 
obtain a floating-point result. 


Finding the Future 
Value of an Annuity 


Perform the following steps to find the interest rate (i) of an annuity 
where the starting principal (p) is 1,000, number of compounding 
periods (n) is 6, and the future value (s) is 2,000. 


1. On the Home screen, enter the 
equation to solve for p. 


2. Enter the equation to solve 
for n. 


3. Enter the equation to solve for 
iusing the “with” operator. 


solve(s=p* (1+i)4n,i) | s=2000 and 
p=1000 and n=6 


Result: The interest rate is 
12.246%. 


ssolvels = p(t + i" sp) 
pe(itij "-s 


solvetssptelt+ii"n, po 
Mal RAD AUTO FUNC 1/20 


. salvels =eptieiy?, nl 


In{ = 


es P = 
"’ trae p a pe 
solvets=ptel+i3°n ne 
MaAIM RAD AUTO FUNC 2/20 


. solvels =p(itiy?, i]|s=> 
L=.122462 of i= -2. 12246 


Solvetssprd ition, i 1S=20.. 


MAIN RAG AUTO FUME Bee 


Find the future value of an annuity using the values from the 
previous example where the interest rate is 14%. 


Enter the equation to solve for s. 


solve(s=p* (1+i)4n,s)| i=.14 and 
p=1000 and n=6 


Result: The future value at 14% 
interest is 2,194.97. 
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. solvels =p(it+ iss) i=k 
s= 2194.97) 


W1=.14 ard p=1008 and n=6 
MAIN 


RAG AUTO FUME EReiy 


Computing the Time-Value-of-Money 


Time-Value-of- 
Money Function 


Tip: You can use your 
computer keyboard to type 
lengthy text and then use 
TI-GRAPH LINK to send it 
to the TI-89/TI-92 Plus. 


Finding the Monthly 
Payment 


Finding the Number 
of Payments 


In the Program Editor, define the following Time-Value-of-Money 
(tvm) function where temp1 = number of payments, temp2 = annual 
interest rate, temp3 = present value, temp4 = monthly payment, 
temp5 = future value, and temp6 = begin- or end-of-payment period 
(1 = begining of month, 0 = end of month). 


:tvm(temp1 ,temp2,temp3,temp4,temp5,temp6) 

‘Func 

‘Local tempi,tempfunc,tempstr1 

:~ temp3+(1+temp2/1200* temp6)* temp4* ((1- (1+temp2/1200)* 
(~ temp1))/(temp2/1200))- temp5* (1+temp2/1200)4(- temp1) 
>tempfunc 

‘For tempi,1,5,1 

‘"temp"&exact(string(tempi))> tempstr1 

‘If when(#tempstr1=0, false,false,true) Then 

If tempi=2 

‘Return approx(nsolve(tempfunc=0,#tempstr1) | #tempstr1>0 and 
#tempstr1<100) 

‘Return approx(nsolve(tempfunc=0,#tempstr1)) 

:Endlf 

‘EndFor 

‘Return "parameter error" 

‘EndFunc 


Find the monthly payment on 10,000 if you make 48 payments at 10% 
interest per year. 


On the Home screen, enter the tvm |™ tum(48, 10, 10000, pmt,, 1) 
7 2o1.53 

values to find pmt. tomeda, 10, 10000, prt 0, 19 
MAI KAD AUTO FUNC ifso 


Result: The monthly payment is 
251.53. 


Find the number of payments it will take to pay off the loan if you 
could make a 300 payment each month. 


On the Home screen, enter the tvm 


Btumtn, 10, 10000, 300,08, 13 
values to find n. 36, 830 


iS 
tuntn, 10, 100e, 00,0, 12 
Result: The number of payments a cit a cred 


is 38.8308. 
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Finding Rational, Real, and Complex Factors 


Finding Factors Enter the expressions shown below on the Home screen. 
At : 
1. factor(x 3- 5x) (ENTER) displays a nfletontee se s0 
rational result. vel? = 5] 
factorix*3-3xi 
MAIN, RAD AUTO FUNC FRET) 
2. factor(x*3+5x) (ENTER) displays a = factor(s +5-¥) 
rational result. xl? +5] 
factorix*3+5x3 
MAIN RAD AUTO FUNC FRET) 


3. factor(x*3- 5x,x) (ENTER) displays 


= factor x? -5-x, x) 


areal result. vols + Al -Lx - 
factortx*3-Sx, xo 
MAIN, RAD AUTO FUNC FRET) 
4. cfactor(x*3+5x,x) [ENTER] displays wcFactorls? +5-x, x] 
a complex result. wl + 5 -a)}-(x+ Ba) 
cofactor tx"3+ox, oo 
MAIN RAD AUTO FUNC Chri) 
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Simulation of Sampling without Replacement 


Sampling-without- 
Replacement 
Function 


Sampling without 
Replacement 


In the Program Editor, define drawball() as a function that can be 
called with two parameters. The first parameter is a list where each 
element is the number of balls of a certain color. The second 
parameter is the number of balls to select. This function returns a list 
where each element is the number of balls of each color that were 
selected. 


:drawball(urnlist,drawnum) 
‘Func 
:Local templist,drawlist,colordim, 
numballs,i,pick,urncum,j 
:If drawnum>sum(urnlist) 
‘Return “too few balls” 
:dim(urnlist)> colordim 
curnlist> templist 
:newlist(colordim)> drawlist 
‘For i,1,drawnum,1 
:sum(templist)> numballs 
trand(numballs)> pick 
‘For j,1,colordim,1 
:cumSum(templist)> urncum 
(continued in next column) 


‘If pick < urncum{[j] Then 
:drawlist[j]+1> drawilist[j] 
‘templist[j]- 1>templistfj] 
‘Exit 

:Endlf 

‘EndFor 

‘EndFor 

‘Return drawlist 
‘EndFunc 


Suppose an urn contains n/ balls of a color, n2 balls of a second 
color, 23 balls of a third color, etc. Simulate drawing balls without 


replacing them. 


1. Enter a random seed using the 
RandSeed command. 


2. Assuming the urn contains 10 
red balls and 25 white balls, 
simulate picking 5 balls at 
random from the urn without 
replacement. Enter 
drawball({10,25},5). 


Result: 2 red balls and 3 white 
balls. 


sRandSeed 1147 Done 


randseed 1147 
MAlM RAD AUTO FUNC 1/20 


Sdrawball({ig 253, 
t2 33 


drawball¢ £16, 257,55 
Mal BA AUTO FUNG FRET 
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Functions and Instructions 


Miick-Find LOCAL ..cinc ene awiaiinnnnd 410 
Alphabetical Listing of Operations 414 


This appendix describes the syntax and the action of each TI-89 / TI-92 Plus function and 
instruction. 


Name of the function or instruction. 


Key or menu for entering the name. 
[ You can also type the name. 


Example 
Circle CATALOG L 
Circle x, y, r [, drawMode] 


Explanation of the function or 
Arguments are shown in italics. — instruction. 

Arguments in [ ] brackets are 

optional. Do not type the brackets. 


Syntax line shows the order and the type of 
arguments that you supply. Be sure to separate 
multiple arguments with a comma (,). 
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Quick-Find Locator 


Algebra | with") 538 cFactor() 419 comDenom() 421 
cSolve() 425 cZeros 430 expand() 445 
factor() 447 getDenom() 452 getNum() 453 
nSolve() 474 propFrac() 482 randPoly() 488 
solve() 503 tCollect() 512 tExpand() 513 
zeros() 519 

Calculus JQ Gntegrate) [532 TI() (product) | 533 X() (sum) 533 
arcLen() 416 avgRC() 417 dd) 432 
deSolve() 434 fMax() 448 fMin() 449 
limit() 460 nDeriv() 470 nint() 472 
" (prime) 536 seq() 494 taylor() 512 

Graphics AndPic 415 BldData 418 Circle 420 
CirDraw 420 CirGraph 420 CyclePic 429 
DrawFunc 439 Drawinv 439 DrawParm 439 
DrawPol 440 DrawSlIp 440 DrwCtour 441 
FnOff 449 FnOn 449 Graph 455 
Line 461 LineHorz 461 LineTan 462 
LineVert 462 NewPic 471 PtChg 482 
PtOff 483 PtOn 483 ptTest() 483 
PtText 483 PxiChg 483 PxiCrel 483 
PxlHorz 484 PxiLine 484 PxlOff 484 
PxlOn 484 pxiTest() 484 PxIText 485 
PxIVert 485 RclIGDB 488 RelPic 489 
RplcPic 493 Shade 498 StoGDB 507 
StoPic 507 Style 508 Trace 515 
XorPic 519 ZoomBox 521 ZoomData 522 
ZoomDec 522 ZoomFit 523 Zoomin 523 
Zoomint 523 ZoomOut 524 ZoomPrev 524 
ZoomRcl 524 ZoomSaqr 524 ZoomStd 525 
ZoomSto 525 ZoomtTrig 525 

Lists + (add) 526 - (subtract) 526 * (multiply) 527 
/ (divide) 527 ~ (negate) 528 4 (power) 534 
augment() 417 crossP() 425 cumSum() 428 
dim() 437 dotP() 439 expplist() 444 
left() 460 listmat() 463 Alist() 463 
matblist() 467 max() 467 mid() 468 
min() 469 newList() 471 polyEval() 480 
product() 482 right() 491 rotate() 491 
shift() 499 SortA 506 SortD 506 
sum() 508 
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Math 


Matrices 


+ (add) 526 - (subtract) 526 * (multiply) 527 
/ (divide) 527 ~ (negate) 528 % (percent) 528 
! (factorial) 531 V() (sar. root) 533) * (power) 534 
° (degree) 535 Z (angle) 535 waa 536 
_ (underscore) 536 » (convert) 537 104() 537 
Ob, Oh 539 >Bin 417 >Cylind 429 
»DD 432 »>Dec 432 >DMS 438 
»>Hex 456 >Polar 480 >Rect 489 
>Sphere 506 abs() 414 and 414 
angle() 415 approx() 416 ceiling() 418 
conj() 422 cos 423 cos-1() 424 
cosh() 424 cosh-1() 424 E 441 
er() 441 exact() 443 floor() 448 
fpart() 451 gcd() 451 imag() 457 
int() 458 intDiv() 458 iPart() 459 
isPrime() 459 Icm() 460 In() 463 
log() 465 max() 467 min() 469 
mod() 469 nCr() 470 nPr() 474 
P>Rx() 476 P>Ry() 476 r (radian) 535 
R>P@() 487 R>Pr() 487 real() 489 
remain() 490 rotate() 491 round() 492 
shift() 499 sign() 500 sin() 501 
sin-\() 501 sinh() 502 sinh-() 502 
tan() 510 tan-1() 511 tanh() 511 
tanh-1() 511 tmpCnv() 514 AtmpCnv() 514 
x1 538 
+ (add) 526 - (subtract) 526 * (multiply) 527 
/ (divide) 527 ~ (negate) 528 + (dot add) 530 
(dot subt.) 531 - (dot mult.) 531 ./ (dot divide) 531 
-‘ (dot power) (531 A (power) 534 augment() 417 
colDim() 421 colNorm() 421 crossP() 425 
cumSum() 428 det() 436 diag() 436 
dim() 437 dotP() 439 eigVc() 442 
eigVI() 442 Fill 448 identity() 456 
listmat() 463 LU 466 matblist() 467 
max() 467 mean() 467 median() 467 
min() 469 mRow() 469 mRowAdd() 470 
newMat() 471 norm() 473, product() 482 
QR 485 randMat() 488 ref() 490 
rowAdd() 492 rowDim() 492 rowNorm() 493, 
rowSwap() 493 rref() 493 simult() 500 
stdDev() 506 subMat() 508 sum() 508 
T 509 unitV() 516 variance() 517 
x7 538 
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Programming = 529 # 529 < 529 
< 530 > 530 > 530 
# (indirection) (534 > (store) 539 @(comment) 539 
and 414 ans() 416 Archive 416 
ClrErr 420 CirGraph 420 CirHome 421 
Cirlo 421 CirTable 421 CopyVar 422 
CustmOff 428 CustmOn 428 Custom 429 
Cycle 429 Define 433, DelFold 434 
DelVar 434 Dialog 437 Disp 437 
DispG 438 DispHome 438 DispTbl 438 
DropDown 440 Else 442 Elself 442 
EndCustm 443 EndDlog 443 EndFor 443 
EndFunc 443 Endlf 443 EndLoop 443 
EndPrgm 443 EndTBar 443 EndTry 443 
EndWhile 443 entry() 443 Exec 444 
Exit 444 For 450 format() 450 
Func 451 Get 451 GetCalc 452 
getConfg() 452 getFold() 453 getKey() 453 
getMode() 453 getType() 454 getUnits() 454 
Goto 455 If 456 Input 457 
InputStr 458 Item 459 Lbl 459 
left() 460 Local 464 Lock 464 
Loop 466 MoveVar 469 NewFold 471 
NewProb 472 not 473, or 475 
Output 476 part() 477 PassErr 479 
Pause 479 PopUp 481 Prgm 481 
Prompt 482 Rename 490 Request 490 
Return 491 right() 491 Send 494 
SendCalc 494 SendChat 494 setFold() 495 
setGraph() 495 setMode() 496 setTable() 497 
setUnits() 497 Stop 507 Style 508 
switch() 509 Table 510 Text 513 
Then 513 Title 513 Toolbar 515 
Try 515 Unarchiv 516 Unlock 516 
when() 517 While 518 xor 518 

Statistics ! (factorial) 531 BldData 418 CubicReg 428 
cumSum() 428 ExpReg 446 LinReg 462 
LnReg 464 Logistic 465 mean() 467 
median() 467 MedMed 468 nCr() 470 
NewData 471 NewPlot 472 nPr() 474 
OneVar 475 PlotsOff 480 PlotsOn 480 
PowerReg 481 QuadReg 486 QuartReg 487 
rand() 488 randNorm() 488 RandSeed 488 
ShowStat 500 SinReg 503 SortA 506 
SortD 506 stdDev() 506 TwoVar 516 
variance() 517 


412 


Appendix A: Functions and Instructions 


Strings 


& (append) 532 # (indirection) 534 char‘() 419 
dim() 437 expr() 446 format() 450 
inString() 458 left() 460 mid() 468 
ord() 476 right() 491 rotate() 491 
shift() 499 string() 508 
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Alphabetical Listing of Operations 


abs(expression1) = expression _ nt 

aba(tieel) =. ei abs({n/2,~n/3}) [ENTER {7 3} 

abs(matrixl1) => matrix abs(2-3é) [ENTER 13 
Returns the absolute value of the argument. abs(z) (ENTER |z| 


If the argument is a complex number, returns 
the number’s modulus. abs(x+yé) (ENTER x24y 


Note: All undefined variables are treated as 
real variables. 


Boolean expression1 and expression2 => x>3 and x>4 (ENTER x24 
Boolean expression 

Boolean list1 and list2 = Boolean list 

Boolean matrix1l and matrix2 = Boolean 
matrix 


{x23,x<0} and {x>4,x<~2} (ENTER 
{x24 x<-2} 


Returns true or false or a simplified form of 
the original entry. 


integer1 and integer2 => integer In Hex base mode: 


Compares two real integers bit-by-bit using Oh7AC36 and Oh3D5F (ENTER) Oh2C16 
an and operation. Internally, both integers are 
converted to signed, 32-bit binary numbers. 
When corresponding bits are compared, the . 
result is 1 if both bits are 1; otherwise, the In Bin base mode: 

result is 0. The returned value represents the 0b100101 and 0b100 [ENTER 0b100 
bit results, and is displayed according to the 
Base mode. 


Important: Zero, not the letter O. 


; 5 In Dec base mode: 
You can enter the integers in any number 


base. For a binary or hexadecimal entry, you 37 and 0b100 [ENTER 4 
must use the Ob or Oh prefix, respectively. 


Without a prefix, integers are treated as 
decimal (base 10). Note: A binary entry can have up to 32 


digits (not counting the Ob prefix). A 
If you enter a decimal integer that is too large hexadecimal entry can have up to 8 digits. 
for a signed, 32-bit binary form, a symmetric 
modulo operation is used to bring the value 
into the appropriate range. 
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AndPic picVar[, row, column] In function graphing mode and Y= Editor: 


Displays the Graph screen and logically yl(x) = cos(x) © 
“ANDS” the picture stored in picVar and the TI-89: (2nd)[Fe] Style = 3:Square 
current graph screen at pixel coordinates TI-92 Plus: [Fo] Style = 3:Square 


(row, column). . 
F2}] Zoom = 7:ZoomTrig 
picVar must be a picture type. Fi]= 2:Save Copy As... 
Default coordinates are (0,0), which is the Type = Picture, Variable = PIC1 


upper left corner of the screen. | 


y2(x) = sin(x) 
TI-89: (2nd)[Fe] Style = 3:Square 
TI-92 Plus: (Fé) Style = 3:Square 


yl = no checkmark (F4 to 
deselect) 
F2] Zoom = 7:ZoomTrig 


TI-89: [HOME 
TI-92 Plus: (4 ][HOME] 
AndPic PIC1 (ENTER Done 


angle(expression1) => expression In Degree angle mode: 


Returns the angle of evpression1, interpreting 2991 e(0+2é) [ENTER 90 
expression1 as a complex number. 


In Radian angle mode: 
Note: All undefined variables are treated as 
real variables. angle(1+é) (ENTER 


Ala 


angle(z) (ENTER 
angle(x+ iy ) (ENTER 


Bangle(z) Se tsisnte)— 1) u 


Banglets+4-y) 
m-signty) _ [=] 
3 tant y 


angle(list1) = list In Radian angle mode: 
angle(matrixl) => matrix 


angle({1+2i,3+0i,0-4i}) (ENTER 


Returns a list or matrix of angles of the 7 : 
elements in list] or matri1, interpreting each_ |" angle f1+24 3404 be 
element as a complex number that {3 ~tantgl72) @ +} 
represents a two-dimensional rectangular 

coordinate point. 


Appendix A: Functions and Instructions 415 


ans() => value 
ans(integer) => value 


Returns a previous answer from the 
Home screen history area. 


integer, if included, specifies which previous 
answer to recall. Valid range for integer is 
from 1 to 99 and cannot be an expression. 
Default is 1, the most recent answer. 


approx(expression) => value 


Returns the evaluation of expression as a 
decimal value, when possible, regardless of 
the current Exact/Approx mode. 


This is equivalent to entering expression and 
pressing [¢] [ENTER] on the Home screen. 


To use ans() to generate the Fibonacci 
sequence on the Home screen, press: 


1 (ENTER 
1 (ENTER 
2nd} [ANS] (+ 
ENTER 
ENTER 


2nd] [ANS] © [&] 2 


ENTER 


awn F KF 


ENTER 


approx(r) 


approx(list1) = list 


approx(matriv1) => matrix 


Returns a list or matrix where each element 
has been evaluated to a decimal value, when 
possible. 


Archive var! [, var2] [, var3] ... 


Moves the specified variables from RAM to 
the user data archive memory. 


You can access an archived variable the same 
as you would a variable in RAM. However, 
you cannot delete, rename, or store to an 
archived variable because it is locked 
automatically. 


To unarchive variables, use Unarchiv. 


arcLen(expression1,var,start,end) = expression 


Returns the arc length of expression1 from 
start to end with respect to variable var. 


Regardless of the graphing mode, arc length 
is calculated as an integral assuming a 
function mode definition. 


approx({sin(m),cos(m)}) 


ENTER 
{O0. -1.} 


approx([V¥(2),V(3)]) (ENTER 
(1.414... 


1.7323.) 


10>arctest (ENTER 10 
Archive arctest [ENTER Done 
5*arctest [ENTER 50 
15>arctest [ENTER 


ERROR 


Variable is locked. protecteds or 
archived 


ESCECANCEL 


ESC 
Unarchiv arctest [ENTER Done 
15>arctest [ENTER 15 


arcLen(cos(x),x,0,7) (ENTER) 3.820... 


arcLen(f(x),x,a,b) 
b 


d 
frfcaectoo ne dx 


a 


ENTER 


arcLen(list1,var,start,end) = list 


Returns a list of the arc lengths of each 
element of list1 from start to end with 
respect to var. 
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arcLen({sin(x),cos(x)},x,0,7) 
{3.820... 3.820...} 


augment(list1, list2) = list augment({1,~-3,2},{5,4}) (ENTER 
: 4 {1 -3 2 5 4} 
Returns a new list that is list2 appended to 
the end of list1. 
augment(matriv1, matria2) => matrix [1,2:3,4]5M1 (ENTER Ie a 
augment(matriv1; matrix2) => matrix 5 
Returns a new matrix that is matrix2 [5;6]>M2 (ENTER ; i; ] 
appended to matrial. When the “,” character augment (M1,M2) (ENTER [3 ‘A 6] 
is used, the matrices must have equal row 
dimensions, and matrix2 is appended to [5,6]>M2 (ENTER [5 6] 
matrix1 as new columns. When the “;” 1. 2 
character is used, the matrices must have augment (M1;M2) [ENTER [3 i] 
equal column dimensions, and matrix2 is 5 6 
appended to matrix1 as new rows. Does not 
alter matrix1 or matrix2. 
avgRC(expression1, var [,h]) = expression avgRC(f(x),x,h) (ENTER 
+ - 
Returns the forward-difference quotient a 
(average rate of change). 
avgRC(sin(x),x,h) | x=2 (ENTER 


expression!1 can be a user-defined function 
name (see Func). 


his the step value. If h is omitted, it defaults 
to 0.001. 


Note that the similar function nDeriv() uses 
the central-difference quotient. 


avgRC(x*2-x+2,x) 


avgRC(x*2-x+2,x,.1) 


sin(ht+2) - sin(2) 


h 


ENTER 


2.°(x- .4995) 


ENTER 
2.°(x-.45) 


avgRC(x42-x+2,x,3) 


ENTER] 2+(x+1) 


integer] Bin = integer 


Converts integer1 to a binary number. Binary 
or hexadecimal numbers always have a Ob or 
Oh prefix, respectively. 


ea not the letter O, followed by b or h. 


Ob binaryNumber 
Oh hexadecimalNumber 
A binary number can have up to 


32 digits. A hexadecimal number 
can have up to 8. 


Without a prefix, integer! is treated as 
decimal (base 10). The result is displayed in 
binary, regardless of the Base mode. 


If you enter a decimal integer that is too large 


for a signed, 32-bit binary form, a symmetric 
modulo operation is used to bring the value 
into the appropriate range. 
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256 bBin 


Oh1F >Bin 


ENTER 


ENTER 


0b100000000 
0b11111 


BldData [dataVar] In function graphing mode and Radian 
. angle mode: 
Creates data variable dataVar based on the 
information used to plot the current graph. 8*sin(x)>yl(x) (ENTER Done 
BldData is valid in all graphing modes. 2*sin(x)>y2(x) [ENTER Done 


ZoomStd (ENTER 


If dataVar is omitted, the data is stored in the 
system variable sysData. 


Note: The first time you start the Data/Matrix 
Editor after using BldData, dataVar or sysData 
(depending on the argument you used with 
BlidData) is set as the current data variable. 


The incremental values used for any 
independent variables (x in the example to TI-89: [HOME 
the right) are calculated according to the TI-92 Plus: [#] [HOME] 
Window variable values. 


BldData (ENTER Done 


For information about the increments used to 


APPS] 6 [ENTER 
evaluate a graph, refer to the chapter that 
describes that graphing mode. TATA [og T F 
cs 
1 1.588 
2 3.168 [roe 
3 1.2545), 47363 
4 Fo ase, Sereon 14192 
3D graphing mode has two independent Note: The following sample data is from a 
variables. In the sample data to the right, 3D graph. 
notice that x remains constant as y 
: : DATA zl 
increments through its range of values. ct 
1 “ig. [G. 
Then, x increments to its next value and y 2 iB as eid 1 Es ER 
again increments through its range. This gOS SS ee 
pattern continues until x has incremented 
through its range. 
ceiling(expression1) = integer ceiling(0.456) (ENTER 1, 
Returns the nearest integer that is = the 
argument. 
The argument can be a real or a complex 
number. 
Note: See also floor(). 
ceiling(list1) = list ceiling({-3.1,1,2.5}) (ENTER 
ceiling(matrixl) => matrix £732: 1 3)4 


Returns a list or matrix of the ceiling of each 
element. 


ceiling(([0,-3.2é;1.3,4]) [ENTER 
0 ~3.¢% 
Ea. 4 


i 
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cFactor(expression1[, var]) = expression cFactor(a%3*x*2+a*x*2+a*3+a ) 
cFactor(list1[,var]) = list ENTER 
cFactor(matrix1[,var]) => matrix a-(a+ i): (at i)e(x t+ “i) +(x +i) 
cFactor(expression1) returns expression1 cFactor(x*2+4/9) (ENTER 
factored with respect to all of its variables (3*x + -2+i)+(3+x + 2+ i) 
over a common denominator. 5 
expression1 is factored as much as possible c AD+ 24 
toward linear rational factors even if this Ghee hoes), EATER Z a 
introduces new non-real numbers. This cFactor(x*2-+a ) (ENTER x2 +a 
alternative is appropriate if you want 
factorization with respect to more than one 
variable. 
cFactor(expression1,var) returns expression cFactor(a%3*x*2+a¥*x*2+a*3+a,x) 
factored with respect to variable var. ENTER 


. . as(a2+1)+(xt+-é)+(xti) 
expression1 is factored as much as possible 


toward factors that are linear in var, with cFactor(x*2+3,x) (ENTER 

perhaps non-real constants, even if it (x + 73+ i) 9 (x + -V3> é) 
introduces irrational constants or 

subexpressions that are irrational in other cFactor(x*2+a,x) (ENTER 

vaHtables. (x +Va--i) +(x t+Va- i) 


The factors and their terms are sorted with 
var as the main variable. Similar powers of 
var are collected in each factor. Include var if 
factorization is needed with respect to only 
that variable and you are willing to accept 
irrational expressions in any other variables 
to increase factorization with respect to var. 
There might be some incidental factoring 
with respect to other variables. 


For the AUTO setting of the Exact/Approx cFactor(x*5+4x*4+5x*3-6x-3) 
mode, including var also permits ENTER 

approximation with floating-point x5 + 4+x4+ 5+x3 -6+x-3 
coefficients where irrational coefficients cFactor(ans(1),x) (ENTER 


cannot be explicitly expressed concisely in 
terms of the built-in functions. Even when (x ~.965) +(x +.612) +(x +2.13)+ 
there is only one variable, including var might (x+1.11-1.07-i)- 
yield more complete factorization. (x+1.11+1.07+i) 


Note: See also factor(). 


char(integer) = character char(38) (ENTER "a" 


Returns a character string containing the char(65) [ENTER Ae 
character numbered integer from the 

TI-89 / TI-92 Plus character set. See 

Appendix B for a complete listing of 

character codes. 


The valid range for integer is 0-255. 
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Circle x, y, r [, drawMode] In a ZoomSar viewing window: 


Draws a circle with its center at window ZoomSqr:Circle 1,2,3 [ENTER 
coordinates (x, y) and with a radius of r. 


x, y, and r must be real values. 


If drawMode = 1, draws the circle (default). 
If drawMode = 0, turns off the circle. 

If drawMode = -1, inverts pixels along the 
circle. 


Note: Regraphing erases all drawn items. See 
also PxiCrel. 


CirDraw 


Clears the Graph screen and resets the Smart 
Graph feature so that the next time the Graph 
screen is displayed, the graph will be 
redrawn. 


While viewing the Graph screen, you can 
clear all drawn items (such as lines and 
points) by pressing [F4] (ReGraph) or pressing: 
TI-89: [2nd] [Fé] 
TI-92 Plus: [F6 
and selecting 1:ClrDraw. 


ClrErr Program listing: 
Clears the error status. It sets errornum to :clearerr() 
zero and clears the internal error context :Prgm 
variables. :PlotsOff:FnOff:ZoomStd 
:For 1,0,238 
The Else clause of the Try...EndTry in the :Ax* i+xmin>xcord 
program should use ClrErr or PassErr. If the : Try 
error is to be processed or ignored, use : PtOn xcord,1n(xcord) 
ClrErr. If what to do with the error is not : Else 
known, use PassErr to send it to the next. : If errornum=800 or 
error handler. If there are no more pending errornum=260 Then 
Try...EndTry error handlers, the error dialog ClrErr @clear the error 
box will be displayed as normal. : Else 
PassErr @pass on any other 
Note: See also PassErr and Try. error 
EndIf 
: EndTry 
:EndFor 
:EndPrgm 


ClirGraph 


Clears any functions or expressions that 
were graphed with the Graph command or 
were created with the Table command. (See 
Graph or Table.) 


Any previously selected Y= functions will be 
graphed the next time that the graph is 
displayed. 
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CirHome 


Clears all items stored in the entry() and ans() 
Home screen history area. Does not clear the 
current entry line. 


While viewing the Home screen, you can 
clear the history area by pressing [Fi] and 
selecting 8:Clear Home. 


For functions such as solve() that return 
arbitrary constants or integers (@1, @2, etc.), 
ClirHome resets the suffix to 1. 


Cirlo 


Clears the Program I/O screen. 


CirTable 


Clears all table values. Applies only to the 
ASK setting on the Table Setup dialog box. 


While viewing the Table screen in Ask mode, 
you can clear the values by pressing [F1] and 
selecting 8:Clear Table. 


colDim(matrix) => expression colDim([0,1,2;3,4,5]) (ENTER 3 


Returns the number of columns contained in 
matrix. 


Note: See also rowDim(). 


colNorm(matrix) = expression [1,-2,3;4,5,-6]>mat (ENTER 
Returns the maximum of the sums of the [ 2 7 3 1] 
absolute values of the elements in the 4 5 ~6 
columns in matrix. colNorm(mat ) [ENTER 9 


Note: Undefined matrix elements are not 
allowed. See also rowNorm(). 


comDenom(expression1[,var]) = expression comDenom( (y*2+y)/(x+1)*2+y*2+y ) 
comDenom(list1[,var]) => list ENTER 
comDenom(matrix1[,var]) => matrix 


uty 2 
; , ® comDenory ery ty 
comDenom(expression1) returns a reduced ratio (x40) 
of a fully expanded numerator over a fully x?-y2 tx! -yeo-x- yl t2- 


expanded denominator. yehe-ee4 
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comDenom(expression1,var) returns a reduced 
ratio of numerator and denominator expanded 
with respect to var. The terms and their factors 
are sorted with var as the main variable. 
Similar powers of var are collected. There 
might be some incidental factoring of the 
collected coefficients. Compared to omitting 
var, this often saves time, memory, and screen 
space, while making the expression more 
comprehensible. It also makes subsequent 
operations on the result faster and less likely to 
exhaust memory. 


If var does not occur in expression1, 
comDenom(expression1,var) returns a reduced 
ratio of an unexpanded numerator over an 
unexpanded denominator. Such results usually 
save even more time, memory, and screen 
space. Such partially factored results also 
make subsequent operations on the result 
much faster and much less likely to exhaust 
memory. 


Even when there is no denominator, the 
comden function is often a fast way to achieve 
partial factorization if factor() is too slow or if it 
exhausts memory. 


Hint: Enter this comden() function definition 
and routinely try it as an alternative to 
comDenom() and factor‘). 


comDenom( (y*2+y)/(x+1) 
A2+y*2+y,x) (ENTER 
at +u? +b 
(x41) 


xfeutytit2-xutut uy, 
xf¢2exd1 


. contenon| 


comDenom( (y*2+y)/(x+1) 


“2t+y*2+y,y) (ENTER 
2 

te suet 

tx+1) 


v2 (x2+2-x+2)euletey 
et 2x +1 


. conn 


comDenom(exprn,abc)>comden 
(exprn) [ENTER Done 
comden( (y*2+y)/(x+1)*2+y*2+y ) 
ENTER 


z 
. comder| A * 2 


Fy ty 
tx+1)* 
[x2 +2-x¢2)utytt) 
fee? 
comden(1234x*2* (y%3-y)+2468x 


* (y*2-1)) (ENTER 
1234+ x+ (x+y +2)* (y2-1) 


conj(expression1) = expression 
conj(list1) = list 
conj(matrixl) => matrix 


Returns the complex conjugate of the 
argument. 


Note: All undefined variables are treated as 
real variables. 


CopyVar varl, var2 


Copies the contents of variable var1 to var2. 
If var2 does not exist, CopyVar creates it. 


Note: CopyVar is similar to the store 
instruction (>) when you are copying an 
expression, list, matrix, or character string 
except that no simplification takes place 
when using CopyVar. You must use CopyVar 
with non-algebraic variable types such as Pic 
and GDB variables. 
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conj(1+2é) (ENTER 1-2-i 
conj([2,1-3é;-i,~7]) (ENTER 
2 143-7 
[i] 
conj(z) Zz 
conj (x+tiy) ae es 


x+y> a [ENTER x+y 
10> x [ENTER 10 
CopyVar a,b (ENTER Done 
a>c (ENTER y+10 
DelVar x [ENTER Done 
b (ENTER xty 
c (ENTER y+10 


cos(expression1) returns the cosine of the 
argument as an expression. 


cos(list1) returns a list of the cosines of all 
elements in list1. 


Note: The argument is interpreted as either a 
degree or radian angle, according to the 
current angle mode setting. You can use 

° or ' to override the angle mode 
temporarily. 


cos(squareMatrixl) = squareMatrix 


Returns the matrix cosine of squareMatriv1. 
This is not the same as calculating the cosine 
of each element. 


When a scalar function f(A) operates on 
squareMatrix1 (A), the result is calculated by 
the algorithm: 


1. Compute the eigenvalues (A;) and 
eigenvectors (Vj) of A. 


squareMatrix1 must be diagonalizable. 
Also, it cannot have symbolic variables 
that have not been assigned a value. 


2. Form the matrices: 


and X = [V,,V, ... Vn] 


3. Then A = X B Xtand f(A) = X {(B) X-. For 
example, cos(A) = X cos(B) X*! where: 


cos(Ay) 0 aay 0 

0 do) .. 0 

ean ; se 2) ; 
0 0 ve COS(Ay) 


All computations are performed using 
floating-point arithmetic. 


In Degree angle mode: 


cos((n/4)" ) (ENTER 


cos(45) [ENTER 


cos(expressionl) = expression 
cos(list1) = list 


cos({0,60,90}) {ENTER} {1 1/2 0} 


In Radian angle mode: 


cos(x/4) (ENTER 


cos (45°) (ENTER 


In Radian angle mode: 


cos(({1,5,3;4,2,1;6,~2,1]) 
212. .205.. 
wh60e. «259: 
-248..  ~.090... 


ENTER 


«121. 
037... 
.218... 
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cos (expression1) = expression In Degree angle mode: 
cos" (list1 list 
ci cos1(1) (ENTER 


Oo 


cos" (expression1) returns the angle whose 
cosine is expression! as an expression. In Radian angle mode: 


cos" (list1) returns a list of the inverse cos1({0,.2,.5}) (ENTER 
cosines of each element of list1. 1 
{> 1.369.. 1.047...) 


Note: The result is returned as either a 
degree or radian angle, according to the 
current angle mode setting. 


cos\(squareMatrix1) = squareMatrix In Radian angle mode and Rectangular 


= . complex format mode: 
Returns the matrix inverse cosine of 


squareMatrix1. This is not the same as cos1([1,5,3;4,2,1;6,-2,1]) 
calculating the inverse cosine of each ENTER 

element. For information about the 

calculation method, refer to cos(). 1.734.4.064..08 9 -1.490.42.105.¢% 


squareMatrix1 must be diagonalizable. The "FRE ALS1S ed 6234.78 +k 


result always contains floating-point ~2.083.42.632.08 1.790.- 1.271% .. 
numbers. 
cosh(expression1) => expression cosh(1.2) [ENTER 1.810... 


cosh(list1) = list 


cosh({0,1.2}) (ENTER {1 1.810...} 


cosh (expression1) returns the hyperbolic 
cosine of the argument as an expression. 


cosh (list1) returns a list of the hyperbolic 
cosines of each element of list. 


cosh(squareMatrix1) = squareMatrix In Radian angle mode: 
Returns the matrix hyperbolic cosine of cosh([1,5,3;4,2,1;6,~2,1]) 
squareMatrix1. This is not the same as ENTER 
calculating the hyperbolic cosine of each 
element. For information about the 421.255 253.909 216.905 
calculation method, refer to cos(). [3 27.635 255.301 202.9 | 
226.297 216.623 167.628 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 


numbers. 
cosh" (expression!) => expression cosh! (1) (ENTER 0 


cosh" (list1) = list 


cosh1({1,2.1,3}) (ENTER 
cosh" (expression1) returns the inverse “i 
hyperbolic cosine of the argument as an ID. Dette -COSh43)) 
expression. 


cosh- (Jist1) returns a list of the inverse 
hyperbolic cosines of each element of list1. 
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cosh-\(squareMatrixl) = squareMatrix In Radian angle mode and Rectangular 


a : ; complex format mode: 
Returns the matrix inverse hyperbolic cosine 


of squareMatrix1. This is not the same as cosh1([1,5,3;4,2,1;6,-2,1]) 
calculating the inverse hyperbolic cosine of ENTER 
each element. For information about the aa. . 
calculation method, refer to cos(). 2,525+1.734.08 ~.009.-.1.490..8 
-486..- 2725.08 1.662..4.623..+% 


squareMatrix1 must be diagonalizable. The - 322.-2.083..°i 1.267.41.790..¢é 
result always contains floating-point ira ite a 
numbers. 

crossP(list1,list2) => list crossP({al,b1},{a2,b2}) (ENTER 


{0 0 al+b2-a2-b1} 
Returns the cross product of list1 and list2 as 


a list. crossP({0.1,2.2,-5},{1,7-.5,0}) 
ENTER 
list1 and list2 must have equal dimension, and {-2.5 -5. -2.25} 
the dimension must be either 2 or 3. 
crossP(vectorl, vector2) => vector crossP([1,2,3],[4,5,6]) (ENTER 
[-3 6 -3] 


Returns a row or column vector (depending 
on the arguments) that is the cross product crossP([1,2],[3,41]) (VIER 
of vector1 and vector2. 


[0 0 -2] 
Both vector! and vector2 must be row vectors, 
or both must be column vectors. Both 
vectors must have equal dimension, and the 
dimension must be either 2 or 3. 
cSolve(equation, var) = Boolean expression cSolve(x*3="1,x) (ENTER 
kez 
Returns candidate complex solutions of an solve(x*3=" 1.x) [ENTER 
equation for var. The goal is to produce 
candidates for all real and non-real solutions. |= cSolvels* = -1, x] 
Even if equation is real, cSolve() allows non- 4 ioe B eg op xetea-bb 
real results in real mode. 2 * 
= soluelx == -1, x) xecl 
Although the TI-89 / TI-92 Plus processes all 
undefined variables as if they were real, 
cSolve() can solve polynomial equations for 
complex solutions. 
cSolve() temporarily sets the domain to cSolve(x*(1/3)=-1,x) (ENTER) false 
complex during the solution even if the 
current domain is real. In the complex solve(x*(1/3)="1,x) (ENTER] x= "1 


domain, fractional powers having odd 
denominators use the principal rather than 
the real branch. Consequently, solutions from 
solve() to equations involving such fractional 
powers are not necessarily a subset of those 
from cSolve(). 
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cSolve() starts with exact symbolic methods. 
Except in EXACT mode, cSolve() also uses 
iterative approximate complex polynomial 
factoring, if necessary. 


Note: See also cZeros(), solve(), and zeros(). 


Note: If equation is non-polynomial with 
functions such as abs(), angle(), conj(), real(), 
or imag(), you should place an underscore _ 
(TI-89: [+] [_] Tl-92 Plus: [2nd] [_]) at the end 
of var. By default, a variable is treated as a 
real value. 

If you use var_, the variable is treated as 
complex. 


You should also use var_ for any other 
variables in equation that might have unreal 
values. Otherwise, you may receive 
unexpected results. 


Display Digits mode in Fix 2: 

exact (cSolve(x*5+4x*4+5x 
*3-6x-3=0,x) ) [ENTER 

cSolve(ans(1),x) (ENTER 


wexact(cSolvelst+4-x445> 
Let +4-x345-x2-6] = 3 


wcSoluels-[x4 4+ 4-x545-x2F 
w= 71.1156 + 1.07314-4 orp 


z is treated as real: 


cSolve(conj(z)=1+i,z) (ENTER 


z=1+i 


z_is treated as complex: 


cSolve(conj(z_)=1+i,z_) [ENTER 


z_=1l-i 


cSolve(equation1 and equation2 [and ... ], 


{varOrGuess1, varOrGuess2 [, ... ]}) 
= Boolean expression 


Returns candidate complex solutions to the 
simultaneous algebraic equations, where 
each varOrGuess specifies a variable that you 
want to solve for. 


Optionally, you can specify an initial guess 


for a variable. Each varOrGuess must have the 


form: 


variable 
~or-— 
variable = real or non-real number 


For example, x is valid and so is x=3+i. 


If all of the equations are polynomials and if 
you do NOT specify any initial guesses, 


cSolve() uses the lexical Grobner/Buchberger 


elimination method to attempt to determine 
all complex solutions. 


Complex solutions can include both real and 
non-real solutions, as in the example to the 
right. 
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Note: The following examples use an 
underscore _ (TI-89: [+] [_] 

TI-92 Plus: (2nd) [_]) so that the variables 
will be treated as complex. 


cSolve(u_*v_-u_=v_ and 
v_*2=-u_,{u_,v_}) [ENTER 


u_=1/2 + ar and v_=1/2 Fj 


or u_=1/2 Bj and v_=1/2 + ar 
or u_=0 and v_=0 


Simultaneous polynomial equations can have 
extra variables that have no values, but 
represent given numeric values that could be 
substituted later. 


You can also include solution variables that, 
do not appear in the equations. These 
solutions show how families of solutions 
might contain arbitrary constants of the form 
@k, where k is an integer suffix from 1 
through 255. The suffix resets to 1 when you 
use ClrHome or [Fi] 8:Clear Home. 


For polynomial systems, computation time or 
memory exhaustion may depend strongly on 
the order in which you list solution variables. 
If your initial choice exhausts memory or 
your patience, try rearranging the variables in 
the equations and/or varOrGuess list. 


If you do not include any guesses and if any 
equation is non-polynomial in any variable 
but all equations are linear in all solution 
variables, cSolve() uses Gaussian elimination 
to attempt to determine all solutions. 


If asystem is neither polynomial in all of its 
variables nor linear in its solution variables, 


cSolve(u_*v_-u_=c_*v_ and 


v_*2=-u_,{u_,v_}) [ENTER 

= -4ec +1)° -4-c + 
ne V1 ‘ C41) Hd ae ae 1 
or 

“Gft-4-c_-1)" “Gf1-4-¢_-1) 
w= m1 and v_= 7 


or u_=0 and v_=0 


cSolve(u_*v_-u_=v_ and 
v_*2=-u_,{u_,v_,w_}) [ENTER 


u_=1/2 + Bi and v_=1/2 -B.i 


2 2 
and w_=@1 

or 
u_=1/2 Bi and v_=1/2 + Gi 
and w_=@1 


or u_=0 and v_=0 and w =@1 


cSolve(u_tv_=e*(w_) and u_-v_= 
i, {u_,v_}) [ENTER 


ie e-i 
+1/2°i and v_= 


cSolve(e*(z_)=w_ and w_=z_*2, 
{w_,z_}) [ENTER 


cSolve() determines at most one solution 
using an approximate iterative method. To do 
so, the number of solution variables must 
equal the number of equations, and all other 
variables in the equations must simplify to 
numbers. 


A non-real guess is often necessary to 
determine a non-real solution. For 
convergence, a guess might have to be rather 
close to a solution. 
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w_=.494.. and z_=~.703.. 


cSolve(e*(z_)=w_ and w_=z_*2, 
{w_,z_=1+i}) (ENTER 
w_=.149.. + 4.891..-i and 
z_=1.588.. + 1.540..+i 


427 


CubicReg list, list2[, [list3] [, list4, list5]] In function graphing mode. 
Calculates the cubic polynomial regression {0,1,2,3}>L1 (ENTER {0 1 2 3} 
and updates all the statistics variables. {0,2,3,4}>L2 [ENTER 4} 
All the lists must have equal dimensions CubicReg L1,L2 [ENTER Done 
except for list5. ShowStat [ENTER 
list1 represents xlist. STAT VARS 


list2 represents ylist. 

list3 represents frequency. 

list4 represents category codes. 

list5 represents category include list. 


Note: list1 through list4 must be a variable 
name or cl—c99 (columns in the last data ENTER 
variable shown in the Data/Matrix Editor). regeq(x)>y1(x) (ENTER Done 


list5 does not have to be a variable name and 
cannot be c1-c99. 


NewPlot 1,1,L1,L2 (ENTER Done 


° 


[GRAPH] 


cumSum(list1) = list cumSum({1,2,3,4}) (ENTER 


Returns a list of the cumulative sums of the 
elements in list/, starting at element 1. 


cumSum(matriv1) => matrix a 4 
[1,2;3,4;5,6]>ml (ENTER [3 4 | 
Returns a matrix of the cumulative sums of 5 6 
the elements in matria1. Each element is the 1 2 
cumulative sum of the column from top to cumSum(m1 ) (ENTER E 6 ] 
bottom. 9 12 
CustmOff See Custom program listing example. 


Removes a custom toolbar. 


CustmOn and CustmOff enable a program to 
control a custom toolbar. Manually, you can 
press [2nd] [CUSTOM] to toggle a custom toolbar 
on and off. Also, a custom toolbar is removed 
automatically when you change applications. 


CustmOn See Custom program listing example. 


Activates a custom toolbar that has already 
been set up in a Custom...EndCustm block. 


CustmOn and CustmOff enable a program to 
control a custom toolbar. Manually, you can 
press [2nd] [CUSTOM] to toggle a custom toolbar 
on and off. 
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Custom Program listing: 
block = 
EndCustm iTest() 
:Prgm 
Sets up a toolbar that is activated when you :Custom , 
press [2nd] [CUSTOM]. It is very similar to the : : itle * : 2 iS i 
ToolBar instruction except that Title and Item ‘Item neu. t " 
:Item Scores 
statements cannot have labels. i "pan 
:Item L3 : 
block can be either a single statement or a itle iy Fra cti ons 
; ? oe :Item f(x) 
series of statements separated with the “: tItem  "h(x)" 
character. :Title "Graph" 
Note: [2nd] [CUSTOM] acts as a toggle. The first era 


instance invokes the menu, and the second 
instance removes the menu. The menu is 
removed also when you change applications. 


Cycle Program listing: 
Transfers program control immediately tothe :@Sum the integers from 1 to 
next iteration of the current loop (For, While, 100 skipping 50. 
or Loop). :0>temp 


Cycle is not allowed outside the three looping‘ fa ri, »100,1 


structures (For, While, or Loop). : rel rs 


:tempt+i>temp 
:EndFor 
:Disp temp 


Contents of temp after execution: 5000 


CyclePic picNameString, n [, [wait] , [cycles], 1. Save three pics named pict, pic2, and 
[direction]] pic3. 


Displays all the PIC variables specified and at 2. Enter: CyclePic "pic',3,.5,4,-1 
the specified interval. The user has optional 


control over the time between pictures, the 3. The three pictures iC) will be 
number of times to cycle through the displayed automatically—one-half 
pictures, and the direction to go, circular or second (. 5) between pictures, for 
forward and backwards. four cycles (4), and forward and 


backwards (~1). 
direction is 1 for circular or ~ 1 for forward 
and backwards. Default = 1. 


vector bCylind [2,2,3] >Cylind (ENTER 


Displays the row or column vector in [2-2 4 3] 
cylindrical form [rZ9, z]. 


vector must have exactly three elements. It 
can be either a row or a column. 
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cZeros(expression, var) => list Display Digits mode in Fix 3: 


Returns a list of candidate real and non-real cZeros(x*5+4x*445x%3- 6X- 3,X) 
values of var that make expression=0. cZeros() (ENTER 


does this by computing {72.125 -.612 .965 
expPlist(cSolve(expression=0,var),var). -1.114-1.073:-i 
Otherwise, cZeros() is similar to zeros(). -1.114+1.073-i} 


Note: See also cSolve(), solve(), and zeros(). 


Note: If expression is non-polynomial with z is treated as real: 

functions such as abs(), angle(), conj(), real(), = cZeros(conj(z)-1-i,z) (ENTER 

or imag(), you should place an underscore _ (147) 
(TI-89: [+] [_] TI-92 Plus: 2nd] [_]) at the end , 
of var. By default, a variable is treated as a z_is treated as complex: 

real value. If you use var_, the variable is cZeros(conj(z_)-1-i,z_) (ENTER 


treated as complex. . 
{1-i} 

You should also use var_ for any other 

variables in expression that might have unreal 

values. Otherwise, you may receive 

unexpected results. 


cZeros({expression1, expression? [, ... ]}, 
{varOrGuess1,varOrGuess2 [,...]}) = matrix 


Returns candidate positions where the 
expressions are zero simultaneously. Each 
varOrGuess specifies an unknown whose 
value you seek. 


Optionally, you can specify an initial guess 
for a variable. Each varOrGuess must have the 
form: 


variable 
_~or-— 
variable = real or non-real number 


For example, x is valid and so is x=3+i. 


If all of the expressions are polynomials and Note: The following examples use an 
you do NOT specify any initial guesses, underscore _ (TI-89: [¢] [_] 

cZeros() uses the lexical Grébner/Buchberger _ TI-92 Plus: [2nd] [_]) so that the variables 
elimination method to attempt to determine will be treated as complex. 

all complex zeros. 


Complex zeros can include both real and cZeros({u_*v_-u_-v_,v_“2+u_}, 
non-real zeros, as in the example to the right. {u_,v_}) [ENTER 


Each row of the resulting matrix represents 
an alternate zero, with the components 
ordered the same as the varOrGuess list. To 
extract a row, index the matrix by [row]. 


[1/2 Gj 1/2 + a 
1/2 + Gj 1/2 Bj 
Lo 0 


Extract row 2: 
ans(1)(2] (ENTER 


[12+ Ba 12 -Fa] 
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Simultaneous polynomials can have extra 
variables that have no values, but represent 
given numeric values that could be 
substituted later. 


You can also include unknown variables that 
do not appear in the expressions. These 
zeros show how families of zeros might 
contain arbitrary constants of the form @k, 
where k is an integer suffix from 1 through 
255. The suffix resets to 1 when you use 
ClrHome or [Fi] 8:Clear Home. 


For polynomial systems, computation time or 
memory exhaustion may depend strongly on 
the order in which you list unknowns. If your 
initial choice exhausts memory or your 
patience, try rearranging the variables in the 
expressions and/or varOrGuess list. 


If you do not include any guesses and if any 
expression is non-polynomial in any variable 
but all expressions are linear in all 
unknowns, cZeros() uses Gaussian 
elimination to attempt to determine all zeros. 


If a system is neither polynomial in all of its 
variables nor linear in its unknowns, cZeros() 
determines at most one zero using an 
approximate iterative method. To do so, the 
number of unknowns must equal the number 
of expressions, and all other variables in the 
expressions must simplify to numbers. 


A non-real guess is often necessary to 
determine a non-real zero. For convergence, 
a guess might have to be rather close to a 
zero. 
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cZeros({u_*v_-u_-(c_*v_), 
v_*2+u_},{u_,v_}) [ENTER 


“Gft-4-c 41)? vfl-4-c 41 


4 2 


“Gft-4ec-1)? 7 Gfi-4-c-1) 
4 
0 0 
cZeros({u_*v_-u_-v_,v_*2+u_}, 
{u_,v_,w_}) [ENTER 
2 -Bai 1/2 + Bui el 
1/2 + Goi 1/2 -S+i @1 
0 0 @1 


cZeros({u_+v_-e*(w_),u_-v_-i}, 


{u_,v_}) [ENTER 
[Ser 
2 +1/2:i 2 


cZeros({e*(z_)-w_,w_-z_*2}, 
{w_,z_}) [ENTER 


[ 494. -.703..] 


cZeros({e*(z_)-w_,w_-z_*2}, 
{w_,z_=1+i}) [ENTER 


[ .149..+4.89..-8 1.588.41.540..+8] 
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d(expression1, var [,order]) = expression ad(3x*3- x+7,x) (ENTER 9x2-1 

d(list1,var [,order]) = list 

d(matrix1,var [,order]) => matrix d(3x*3-x+7,x,2) [ENTER 18-x 
Returns the first derivative of expression1 d(f(x)* g(x) x) (ENTER 


with respect to variable var. expression1 can 
be a list or a matrix. 


d d 
ues . +— . 
order, if included, must be an integer. If the gg) Ie ag aC ECR? 


order is less than zero, the result will be an 


anti-derivative. d(sin(f(x)),x) [ENTER 

d() does not follow the normal evaluation cos(f(x) ( f(x)) 
mechanism of fully simplifying its arguments ss 

and then applying the function definition to a(x43,x) |x=5 ENTER 75 


these fully simplified arguments. Instead, d() 
performs the following steps: 


d(d(x*2* y*3,x),y) (ENTER 6-y2+x 


1. Simplify the second argument only to the 


extent that it does not lead to a non- 7 : x3 
variable. d(x*2,x,7~1) [ENTER > 


2. Simplify the first argument only to the d({x2,x*3,x%4},x) [ENTER 
extent that it does recall any stored value {2+x 3+x2 4x3} 
for the variable determined by step 1. 


3. Determine the symbolic derivative of the 
result of step 2 with respect to the 
variable from step 1. 


4. Ifthe variable from step 1 has a stored 
value or a value specified by a “with” (1) 
operator, substitute that value into the 
result from step 3. 


numberyDD = value In Degree angle mode: 

list1)DD => list 6 é 

matrix1>DD => matrix 1. 5° »DD [ENTER 1.5 
Returns the decimal equivalent of the 45° 22'14.3" >DD (ENTER 45 .370...° 
argument. The argument is a number, list, or 
matrix that is interpreted by the Mode {45° 22'14.3",60° 0'0"} >DD (ENTER 
setting in radians or degrees. {45.370... 60}° 


Note: »DD can also accept input in radians. In Radian angle mode: 


1.5 >DD [ENTER 85.9° 
integer1>Dec = integer 0b10011>Dec [ENTER 19 
Converts integer1 to a decimal (base 10) Oh1F >Dec (ENTER 31 


number. A binary or hexadecimal entry must 
always have a Ob or Oh prefix, respectively. 
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[7 Zero. not the letter O, followed by b or h. 


Ob binaryNumber 
Oh hexadecimalNumber 
Lia binary number can have up to 


32 digits. A hexadecimal number 
can have up to 8. 


Without a prefix, integer! is treated as 
decimal. The result is displayed in decimal, 
regardless of the Base mode. 


Define funcName(arg1Name, arg2Name, ...) = 
expression 


Creates funcName as a user-defined function. 
You then can use funcName(), just as you use 
built-in functions. The function evaluates 
expression using the supplied arguments and 
returns the result. 


funcName cannot be the name of a system 
variable or built-in function. 


The argument names are placeholders; you 
should not use those same names as 
arguments when you use the function. 


Note: This form of Define is equivalent to 
executing the expression: 
expression>funcName ( arg1Name,arg2Name ). 
This command also can be used to define 
simple variables; for example, Define a=3. 


Define funcName(arg1Name, arg2Name, ...) = Func 
block 
EndFunc 


Is identical to the previous form of Define, 
except that in this form, the user-defined 
function funcName() can execute a block of 
multiple statements. 


block can be either a single statement or a 
series of statements separated with the “:” 
character. block also can include expressions 
and instructions (such as If, Then, Else, and 


For). This allows the function funcName() to 


use the Return instruction to return a specific 


result. 


Note: It is usually easier to author and edit 
this form of Function in the program editor 
rather than on the entry line. 
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Define g(x,y)=2x- 3y [ENTER Done 
g(1,2) (ENTER -4 
1>a:2>b:g(a,b) [ENTER -4 
Define h(x)=when(x<2,2x-3, 

- 2x+3) [ENTER Done 
h(- 3) [ENTER -9 
h(4) (ENTER ina 


Define eigenvl(a)= 
cZeros(det(identity(dim(a) 


[1])-x*a),x) [ENTER Done 
eigenvl([-1,2;4,3]) [ENTER 
2-J3-1 -(2+3 +1) 
{7 TI } 


Define g(x,y)=Func:If x>y Then 
:Return x:Else:Return y:EndIf 
: EndFunc (ENTER Done 


g(3,~-7) (ENTER 3 
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Define progName(arg1Name, arg2Name, ...) = Prgm Define listinpt()=prgm: Local 


block n,i,strl,num:InputStr "Enter 
EndPrgm name of list",stri:Input "No. 
of elements",n:For 
Creates progName as a program or i,1,n,1:Input "element 
subprogram, but cannot return a result using "&string(i),num: 
Return. Can execute a block of multiple num>#striLij:EndFor:EndPrgm 
statements. ENTER 


block can be either a single statement or a 


“ly 


series of statements separated with the “: listinpt() (ENTER 


character. block also can include expressions 
and instructions (such as If, Then, Else, and 
For) without restrictions. 


Note: It is usually easier to author and edit a 
program block in the Program Editor rather 
than on the entry line. 


DelFold folderName][, folderNameQ] [, folderName3) ... NewFold games [ENTER 
(creates the folder games) 


Deletes user-defined folders with the names 
folderName1, folderName2, etc. An error 
message is displayed if the folders contain 


DelFold games [ENTER 


any variables. (deletes the folder games) 


Note: You cannot delete the main folder. 


DelVar var1[, var2] [, var3] ... 2> a (ENTER 


(a+2)2 [ENTER 


Deletes the specified variables from memory. 


DelVar a [ENTE 


(a+2)*2 [ENTER 


Done 


Enter name of list 


2 

16 

Done 
(a+2)2 


deSolve(1stOr2ndOrderOde, independentVar, Note: To type a prime symbol ('), press 
dependentVar) = a general solution 2nd} [’]. 
Returns an equation that explicitly or deSolve(y''+2y'+y=x*2,x,y) (ENTER 
implicitly specifies a general solution to the y=(@1+xt@2) +e°%+x2 -4+x+6 
1st- or 2nd-order ordinary differential 
equation (ODE). In the ODE: right(ans(1))>temp (ENTER 
¢ Use aprime symbol (', press 2nd] [’]) to (@1+x+@2) -e°*+x2 - 4+x+6 


denote the 1st derivative of the dependent 


variable with respect to the independent d(temp,x,2)+2*d(temp,x)+temp-x*2 
0 


variable. ENTER 


© Use two prime symbols to denote the DelVar temp 
corresponding second derivative. 


The ' symbol is used for derivatives within 
deSolve() only. In other cases, use d(). 


The general solution of a 1st-order equation 
contains an arbitrary constant of the form 
@k, where k is an integer suffix from 1 
through 255. The suffix resets to 1 when you 
use ClrHome or [F1] 8: Clear Home. The 
solution of a 2nd-order equation contains two 
such constants. 
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ENTER 


Done 


Apply solve() to an implicit solution if you 
want to try to convert it to one or more 
equivalent explicit solutions. 


When comparing your results with textbook 
or manual solutions, be aware that different 
methods introduce arbitrary constants at 
different points in the calculation, which may 
produce different general solutions. 


deSolve(1stOrderOde and initialCondition, 
independentVar, dependentVar) 
= aparticular solution 


Returns a particular solution that satisfies 
1stOrderOde and initialCondition. This is 
usually easier than determining a general 
solution, substituting initial values, solving 
for the arbitrary constant, and then 
substituting that value into the general 
solution. 


initialCondition is an equation of the form: 


dependentVar (initialIndependentValue) = 
initialDependentValue 


The initialIndependentValue and 
initialDependentValue can be variables such as 
x0 and yO that have no stored values. Implicit 
differentiation can help verify implicit 
solutions. 


deSolve(y'=(cos(y))*2*x,x,y) 
ENTER 


x2 
tan(y)=> +@3 
solve(ans(1),y) (ENTER 


x2 +2+@3 
y=tan-1 ( —_7 ) +@nl-n 


Note: To type an @ symbol, press: 


TI-89: [¢] (STO>) 

TI-92 Plus: [2nd] R 

ans(1)|@3=c-1 and @n1=0 [ENTER 
x2+2-(c-1) ) 


= A 
y=tan ( 7 


sin(y)=(y*e*(x)+cos(y))y'>ode 
ENTER 


sin(y)=(e%-y+cos(y))-y' 


deSolve(ode and 
y(0)=0,x,y)>soln [ENTER 


“(2+sin(y)+y?2) 
oT ed) ce sinly) 
soln|x=0 and y=0 (ENTER true 


d(right(eq)-left(eq),x)/ 
(d(left(eq)-right(eq),y)) 
>impdif(eq,x,y) (ENTER 


Done 


ode|y'=impdif(soln,x,y) [ENTER 
true 


DelVar ode,soln (ENTER Done 


deSolve(2ndOrderOde and initialCondition1 and 
initialCondition2, independentVar, 
dependentVar) = a particular solution 


Returns a particular solution that satisfies 
2ndOrderOde and has a specified value of the 
dependent variable and its first derivative at 
one point. 


For initialCondition1, use the form: 


dependentVar (initialIndependentValue) = 
initialDependentValue 


For initialCondition2, use the form: 


dependentVar' (initialIndependentValue) = 
initiallstDerivativeValue 


deSolve(y''=y*(-1/2) and 
y(0)=0 and y'(0)=0,t,y) (ENTER 


2-ys/4 
3 =t 
solve(ans(1),y) (ENTER 
22/36 (3-4) 4/3 
y=—7 and t20 
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deSolve(2ndOrderOde and boundaryCondition1 and deSolve(w' '- 2w'/x+(9+2/x*2)w= 


boundaryCondition2, independentVar, x*e*(x) and w(n/6)=0 and 
dependentVar) = a particular solution w(n/3)=0,x,w) (ENTER 
Returns a particular solution that satisfies : 
2ndOrderOde and has specified values at two e2*x*cos(3°x) 
different points. w= 10 
e®+x+sin(3*x) — x.ex 
+ 
10 10 
det(squareMatrix{[, tol]) => expression det([a,b;c,d]) [ENTER a-d-b-c 
Returns the determinant of squareMatrix. det([{1,2;3,4]) (ENTER -2 


Optionally, any matrix element is treated as . . 2 es P 
zero if its absolute value is less than tol. This GEUE HEMET CS) ae Lhe ees 
tolerance is used only if the matrix has ~2,4,15>6,~>2,7]) (ENTER 
floating-point entries and does not contain ~ (98+ x3-55+-x24+12-x-1) 
any symbolic variables that have not been 
assigned a value. Otherwise, tol is ignored. 


e Ifyou use [+] [ENTER] or set the mode to [1220,1:0,1]>matl as + 
Exact/Approx=APPROXIMATE, computations det(mat1) - 
are done using floating-point arithmetic. Suid ENTER 

det(mat1,.1) (ENTER 1.£20 


e If tol is omitted or not used, the default 
tolerance is calculated as: 
5eE- 14 * max(dim(squareMatrix)) 
* rowNorm(squareMatrix) 


diag(list) > matrix ; 20 0 
diag(rowMatrix) => matrix diag({2,4,6}) (ENTER 040 
diag(columnMatrix) => matrix 006 
Returns a matrix with the values in the 
argument list or matrix in its main diagonal. 
diag(squareMatrix) => rowMatrix 46 8 
[4,6,8;1,2,3;5,7,9] (ENTER) | 1 2 3 
Returns a row matrix containing the 579 
elements from the main diagonal of diag(ans(1)) (NTR [429] 


squareMatrix. 


squareMatrix must be square. 
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Dialog Program listing: 
block 
:Dlogtest() 
EndDlog :Prgm 
: : :Dialog 
Generates a dialog box when the program is ‘Title "This is a dialog box" 


executed. 


block can be either a single statement or a 
series of statements separated with the “:” 
character. Valid block options in the 

F3} I/O, 1:Dialog menu item in the Program 
Editor are 1:Text, 2:Request, 4:DropDown, and 


7:Title. 


The variables in a dialog box can be given 
values that will be displayed as the default 
(or initial) value. If [ENTER] is pressed, the 
variables are updated from the dialog box 
and variable ok is set to 1. If [ESC] is pressed, 
its variables are not updated, and system 
variable ok is set to zero. 


integer 


Returns the dimension of list. 


:Request "Your name",Strl 

:Dropdown "Month you were born", 
seq(string(i),i,1,12),Varl 

:EndDlog 

:EndPrgm 


This is 9 digiod box 


Your name: 
Month vou were born 1+ 


ESCecANCeL 


dim(list) => 


dim({0,1,2}) (ENTER 3 


dim(matrix) => list dim([1,-1,2;-2,3,5]) (ENTER) {2 3} 
Returns the dimensions of matrix as a two- 
element list {rows, columns}. 

dim(string) = integer dim( "Hello" ) (ENTER 5 
Returns the number of characters contained dim("Hello"&" there" ) [ENTER 11 


in character string string. 


Disp [exprOrString1] [, exprOrString2] ... 


Displays the current contents of the Program 


V/O screen. If one or more exprOrString is 


specified, each expression or character string 
is displayed on a separate line of the Program 


V/O screen. 


An expression can include conversion 
operations such as >)DD and Rect. You can 
also use the > operator to perform unit and 
number base conversions. 


If Pretty Print = ON, expressions are displayed 
in pretty print. 


From the Program I/O screen, you can press 
F5] to display the Home screen, or a program 
can use DispHome. 
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Disp "Hello" (ENTER Hello 
Disp cos(2.3) [ENTER - 666... 
{1,2,3,4}>L1 (ENTER 

Disp L1 (ENTER {1 2 3 4} 
Disp 180_min>_hr [ENTER 3.*_hr 


Note: To type an underscore ( _ ), press: 
TI-89: [¢] [_ 
TI-92 Plus: (2nd) [_] 
To type >, press [2nd] [>]. 
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DispG In function graphing mode: 


Displays the current contents of the Graph Program segment: 
screen. ; 
:5*cos(x)>yl(x) 
:710>xmin 
:10>xmax 
:75>ymin 
:5> ymax 
:DispG 


raviivar 


DispHome Program segment: 
Displays the current contents of the Home : 
screen. :Disp "The result is: ",xx 
:Pause "Press Enter to quit" 
:DispHome 
:EndPrgm 
DispTbl 5* cos(x)>y1(x) (ENTER 


DispTb1 [ENTER 


Displays the current contents of the Table 
screen. 


Note: The cursor pad is active for scrolling. 
Press [ESC] or [ENTER] to resume execution if in 
a program. 


expression DDMS In Degree angle mode: 
list >DMS ° ' " 
matrix YDMS 45.371 »DMS (ENTER 45° 22'15.6 
Interprets the argument as an angle and {45.371,60} DMS (ENTER 
displays the equivalent DMS {45° 22'15.6" 60°} 


(DDDDDD°MM’SS.ss”) number. See °, ', " on 
page 536 for DMS (degree, minutes, seconds) 
format. 


Note: )DMS will convert from radians to 
degrees when used in radian mode. If the 
input is followed by a degree symbol (° ), no 
conversion will occur. You can use }DMS only 
at the end of an entry line. 
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dotP(list1, list2) = expression 


Returns the “dot” product of two lists. 


dotP(vector1, vector2) = expression 
Returns the “dot” product of two vectors. 


Both must be row vectors, or both must be 
column vectors. 


dotP({a,b,c},{d,e,f}) (ENTER 
a-dt+b-et+c-f 
dotP({1,2},{5,6}) (ENTER 17 


dotP([a,b,c],[d,e,f]) (ENTER 
a-d+b-etc:-f 


dotP([1,2,3],[4,5,6]) (ENTER 32 


DrawFunc expression 


Draws expression as a function, using x as the 
independent variable. 


Note: Regraphing erases all drawn items. 


In function graphing mode and ZoomStd 
window: 


DrawFunc 1.25x*cos(x) 


ranat 


ENTER 


Drawinv expression 


Draws the inverse of expression by plotting x 
values on the y axis and y values on the x 
axis. 


x is the independent variable. 


Note: Regraphing erases all drawn items. 


In function graphing mode and ZoomStd 
window: 


DrawInv 1.25x*cos(x) 


ENTER 


rT 


DrawParm expression1, expression2 
[, tmin] [, tmaa] [, tstep] 


Draws the parametric equations expression! 
and expression2, using t as the independent 
variable. 


Defaults for tmin, tmax, and tstep are the 
current settings for the Window variables 
tmin, tmax, and tstep. Specifying values does 
not alter the window settings. If the current 
graphing mode is not parametric, these three 
arguments are required. 


Note: Regraphing erases all drawn items. 
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In function graphing mode and ZoomStd 
window: 


DrawParm 
t*cos(t),t*sin(t),0,10,.1 (ENTER 
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DrawPol expression[, 89min] [, 9maa] [, Ostep] In function graphing mode and ZoomStd 
window: 
Draws the polar graph of expression, using 0 
as the independent variable. DrawPol 5*cos(3*6),0,3.5,.1 
ENTER 


Defaults for Omin, Oma, and Ostep are the 
current settings for the Window variables 
O@min, Omax, and Ostep. Specifying values does 
not alter the window settings. If the current 
graphing mode is not polar, these three 
arguments are required. 


Note: Regraphing erases all drawn items. 


DrawSlp x1, y1, slope In function graphing mode and ZoomStd 
window: 

Displays the graph and draws a line using the 
formula y- y1=slope: (x- x1). DrawS1p 2,3, ~ 2 [ENTER 


Note: Regraphing erases all drawn items. 


DropDown fitleString, {item1String, item2String, ...}, See Dialog program listing example. 
varName 


Displays a drop-down menu with the name 
titleString and containing the items 
1:item1String, 2:item2String, and so forth. 
DropDown must be within a Dialog...EndDlog 
block. 


If varName already exists and has a value 
within the range of items, the referenced item 
is displayed as the default selection. 
Otherwise, the menu’s first item is the default 
selection. 


When you select an item from the menu, the 
corresponding number of the item is stored 
in the variable varName. (If necessary, 
DropDown creates varName.) 
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DrwCtour expression In 3D graphing mode: 
DrwCtour list 
(1/5)x*2+(1/5)y%2-10>z1(x,y) 
Draws contours on the current 3D graph at ENTER 
the z values specified by expression or list. Done 
The 3D graphing mode must already be set. -10>xmin:10>xmax [ENTER 10 
DrwCtour automatically sets the graph format -10>ymin:10>ymax (ENTER 10 
style to CONTOUR LEVELS. -10>zmin:10>zmax [ENTER 10 
0>ncontour [ENTER 0 
By default, the graph automatically contains DrwCtour {-9,-4.5,-3,0,4.5,9} 
the number of equally spaced contours ENTER 


specified by the ncontour Window variable. 
DrwCtour draws contours in addition to the 
defaults. 


To turn off the default contours, set ncontour 
to zero, either by using the Window screen or 
by storing 0 to the ncontour system variable. 


e Use the cursor to change the viewing 
angle. Press 0 (zero) to return to the 
original view. 


e To toggle between different graph 
format styles, press: 


TI-89: (1) TI-92 Plus: F 


e Press X, Y, or Z to look down the 
corresponding axis. 


mantissaEexponent 2.36 4 [ENTER 23000. 


Enters a number in scientific notation. The 2.36 9+4.1615 [ENTER 4.1£15 
number is interpreted as mantissa x 
10exponent, 


Hint: If you want to enter a power of 10 3% 104 [ENTER 30000 
without causing a decimal value result, use 
10’ integer. 


e(expression1) => expression e*(1) (ENTER 


® 


Returns e raised to the expression power. e*(1.) (ENTER 2.718... 


Note: On the TI-89, pressing [+] [e*] to 
display e*( is different from pressing 

alpha] [E]. On the TI-92 Plus, pressing (2nd)[e*] 
to display e” is different from accessing the 
character e from the QWERTY keyboard. 


e*(3)*2 (ENTER e 


You can enter a complex number in re!® polar 
form. However, use this form in Radian angle 
mode only; it causes a Domain error in Degree 
angle mode. 


eA(listl) = list e*({1,1.,0,.5}) (ENTER 
{fe 2.718... 1 1.648...) 


Returns e raised to the power of each 
element in list1. 
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e\(squareMatrixl) = squareMatrix 


Returns the matrix exponential of 
squareMatrix1. This is not the same as 
calculating e raised to the power of each 
element. For information about the 
calculation method, refer to cos(). 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 
numbers. 


eigVc(squareMatrix) => matrix 


Returns a matrix containing the eigenvectors 
for a real or complex squareMatrix, where 
each column in the result corresponds to an 
eigenvalue. Note that an eigenvector is not 
unique; it may be scaled by any constant 
factor. The eigenvectors are normalized, 
meaning that if V = [xX), X»2, ... , X,], then: 


xi 2+ X24... +x, 251 


squareMatriz is first balanced with similarity 
transformations until the row and column 
norms are as close to the same value as 
possible. The squareMatrix is then reduced to 
upper Hessenberg form and the eigenvectors 
are computed via a Schur factorization. 


eigVI(squareMatrix) = list 


Returns a list of the eigenvalues of a real or 
complex squareMatrix. 


squareMatrix is first balanced with similarity 
transformations until the row and column 
norms are as close to the same value as 
possible. The squareMatrix is then reduced to 
upper Hessenberg form and the eigenvalues 
are computed from the upper Hessenberg 
matrix. 


If Boolean expression! Then 
block1 

Elself Boolean expression2 Then 
block2 


Elself Boolean expressionN Then 


blockN 
Endlf 


Elself can be used as a program instruction 
for program branching. 
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e*((1,5,334,2,1;6,>2,1]) 


ENTER 


680.546 488.795 396.521 


782.209 559.617 456.509 
[ 39-548 371.222 306 221] 


In Rectangular complex format mode: 
[-1,2,5;3,-6,9;2,-5,7]>m1 [ENTER 


ah. 2 5 
3 -6 9 
2 hop 


eigVc(m1 ) (ENTER 


352. -262..+.096..°8 © 262..-.096..9% 


~.800.. .767.. ar AY ie 
a 57304. 052.68 eel 


In Rectangular complex format mode: 
[-1,2,5;3,-6,9;2,-5,7]>ml (ENTER 


=i 2 5 
3 -6 9 
2 =O A: 


eigV1(m1) (ENTER 


{-4.409.. 2.204..4+.763..-i 


2.204..-.763..-i} 


Program segment: 


if choice=1 Then 
Goto optionl 
Elself choice=2 Then 
Goto option2 
ElseIf choice=3 Then 
Goto option3 
Elself choice=4 Then 
Disp "Exiting Program 
: Return 
EndIf 


entry() = expression On the Home screen: 
entry(integer) => expression 
1+1/x (ENTER ant 
Returns a previous entry-line entry from the x 
Home screen history area. 1 
me a : 1+1/entry(1) (ENTER 2-S4T 
integer, if included, specifies which entry x 
expression in the history area. The default is 
1, the most recently evaluated entry. Valid ENTER en + 3/2 
range is from 1 to 99 and cannot be an 
expression. 1 
Note: If the last entry is still highlighted on ENTER 5/3- 3+ (3+ xtZ) 


the Home screen, pressing [ENTER] is 
equivalent to executing entry(1). 


entry (4) (ENTER 


<|R 


exact(expressionl [, tol]) = expression exact(.25) (ENTER 1/4 
exact(list1 [, tol]) = list 
exact(matrial [, tol]) = matrix exact (.333333) [EMER aw 


Uses Exact mode arithmetic regardless of the 
Exact/Approx mode setting to return, when 
possible, the rational-number equivalent of 


the argument. exact(3.5x-+y) (ENTER sty 


tol specifies the tolerance for the conversion; 
the default is 0 (zero). 


exact(.33333,.001) 1/3 


exact({.2,.33,4.125}) (ENTER 


33 
{1/5 Too 33/8} 


i) 
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Exec string [, expression] [, expression] ... 


Executes a string consisting of a series of 
Motorola 68000 op-codes. These codes act as a 
form of an assembly-language program. If 
needed, the optional expressions let you pass 
one or more arguments to the program. 


For more information, check the TI Web site: 
education.ti.com 


Warning: Exec gives you access to the full 
power of the microprocessor. Please be 
aware that you can easily make a mistake 
that locks up the calculator and causes you 
to lose your data. We suggest you make a 
backup of the calculator contents before 
attempting to use the Exec command. 
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Exit 
Exits the current For, While, or Loop block. 


Exit is not allowed outside the three looping 
structures (For, While, or Loop). 


expblist(expression,var) => list 


Examines expression for equations that are 
separated by the word “or,” and returns a list 
containing the right-hand sides of the 
equations of the form var=expression. This 
gives you an easy way to extract some 
solution values embedded in the results of 
the solve(), cSolve(), fMin(), and fMax() 
functions. 


Note: expplist() is not necessary with the 
zeros and cZeros() functions because they 
return a list of solution values directly. 
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Program listing: 


:0>temp 


:For 


1,1,100,1 


tempt+ti>temp 
If temp>20 
Exit 
:EndFor 
:Disp temp 


Contents of temp after execution: 21 


solve(x*2-x- 2=0,x) (ENTER) x=2 or 


X=" 


expr 


ENTER 


ist(solve(x*2-x- 2=0,x),x) 


{-1 2} 


expand(expression! [, var]) => expression expand((xt+y+1)*2) (ENTER 
expand(listl [,var]) = list X2+2¢Xeyt2exty2t+2-ytl 
expand(matriv1 [,var]) = matrix 


expand ((x*2- xt+y%2-y)/(xr2* y*2 


expand(expression1) returns expression1 
Ponce ) ig = XAD* y— xx yA 2-+x% y) ) [ENTER 


expanded with respect to all its variables. 
The expansion is polynomial expansion for 


polynomials and partial fraction expansion eneanier wf-xty2- nN 

for rational expressions. e wey? ef 
1 1 1 1 

The goal of expand() is to transform z-1 «*y-1 YJ 


expression!1 into asum and/or difference of 
simple terms. In contrast, the goal of factor() 
is to transform expression! into a product 
and/or quotient of simple factors. 


expand(expression1,var) returns expression expand((xty+1)*2,y) (ENTER 
expanded with respect to var. Similar powers y2+2-ye(xt+1)+(x4+1)2 
of var are collected. The terms and their 

factors are sorted with var as the main expand((xt+y+1)*2,x) (ENTER 

variable. There might be some incidental X24 2+x+(yt1)+(y+1)2 
factoring or expansion of the collected 

coefficients. Compared to omitting var, this expand ( (x*2-xty2-y)/ (x2 y%2 
often saves time, memory, and screen space, ~ x2 y- x*y*24x*y),y) [ENTER 


while making the expression more 


comprehensible. 
2 2 
; Saleen 
= expand -b 
fees xeeye ae 
—__1,_ 1 | 
y-loy  xix-1) 
expand(ans(1),x) (ENTER 
1 1 1 
. expand yy avy + wea 
1 cer 1 
excl x uty-1 
Even when there is only one variable, using expand( (x*3+x*2-2)/(x*2-2)) 
var might make the denominator ENTER 
factorization used for partial fraction 2:x 
expansion more complete. yzazt xt 


Hint: For rational expressions, propFrac() is 
a faster but less extreme alternative to 
expand(). 


expand(ans(1),x) (ENTER 


7 ‘a + x1 


Note: See also comDenom() for an expanded 
numerator over an expanded denominator. 
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expand(expression1,[var]) also distributes Tn(2x* y)+V (2x y) [ENTER 
logarithms and fractional powers regardless In(2+xey) +V¥(2°xey) 
of var. For increased distribution of 

logarithms and fractional powers, inequality expand(ans(1) ) (ENTER 
constraints might be necessary to guarantee ey yale 7 fs 

that some factors are nonnegative. NS eSB CE eM) 


expand(expression1, [var]) also distributes expand(ans(1)) | y>=0 [ENTER 
absolute values, sign(), and exponentials, n(x) +V¥2-VxeVy + 1n(y) + 1n(2) 
regardless of var. 


sign(x*y)+abs(x*y)+ e%(2x+ 
Note: See also tExpand() for trigonometric EN an y a : y) 


angle-sum and multiple-angle expansion. 


e+ sign(x-y) + |xX-y| 


expand(ans(1) ) (ENTER 
sign(x)+sign(y) + |x|+|y|+ (ex)?-e 


expr(string) = expression expr("1+2+x*2+x" ) (ENTER x2+x+3 
Returns the character string contained in expr("expand((1+x)*2)") (ENTER 
string as an expression and immediately X2+2+x41 


executes it. 


"Define cube(x)=x*3">funcstr 


ENTER 
"Define cube(x)=x*3" 
expr(funcstr ) (ENTER Done 
cube(2) [ENTER 8 
ExpReg list1, list2 [, [list3] [, list4, list5]] In function graphing mode: 
Calculates the exponential regression and {1,2,3,4,5,6,7,8}>L1 (ENTER 
updates all the system statistics variables. 12 ..} 
All the lists must have equal dimensions {1,2,2,2,3,4,5,7}>L2 [ENTER 
except for list5. {1 2 ..} 
ExpReg L1,L2 [ENTER Done 


list1 represents xlist. 
list2 represents ylist. 
list3 represents frequency. 
list4 represents category codes. yeabex 

list5 represents category include list. i iyPaba 


ShowStat [ENTER 


Note: list1 through list4 must be a variable 
name or cl—c99 (columns in the last data 


variable shown in the Data/Matrix Editor). 

list5 does not have to be a variable name and [ENTER 

cannot be c1-c99. Regeq(x)>y1(x) (ENTER Done 
NewPlot 1,1,L1,L2 (ENTER Done 
) [GRAPH] 
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factor(a*3* x*2-a* x*2-a*%3+a) 


factor(expressionI[, var]) = expression 
factor(listi[,var]) => list 
factor(matrixI[,var]) => matrix 


ENTER 


factor(expression1) returns expression1 
factored with respect to all of its variables 
over a common denominator. 


expression1 is factored as much as possible 
toward linear rational factors without 
introducing new non-real subexpressions. 
This alternative is appropriate if you want 
factorization with respect to more than one 
variable. 


factor(expression1,var) returns expression 
factored with respect to variable var. 


expression1 is factored as much as possible 
toward real factors that are linear in var, even 
if it introduces irrational constants or 
subexpressions that are irrational in other 
variables. 


The factors and their terms are sorted with 
var as the main variable. Similar powers of 
var are collected in each factor. Include var if 
factorization is needed with respect to only 
that variable and you are willing to accept 
irrational expressions in any other variables 
to increase factorization with respect to var. 
There might be some incidental factoring 
with respect to other variables. 


For the AUTO setting of the Exact/Approx 
mode, including var permits approximation 
with floating-point coefficients where 
irrational coefficients cannot be explicitly 
expressed concisely in terms of the built-in 
functions. Even when there is only one 
variable, including var might yield more 
complete factorization. 


Note: See also comDenom() for a fast way to 
achieve partial factoring when factor() is not 
fast enough or if it exhausts memory. 


Note: See also cFactor() for factoring all the 
way to complex coefficients in pursuit of 
linear factors. 


as(a-1)+(a+1)+(x-1)+(xt1) 


factor(x*2+1) 
factor(x*2-4) 
factor(x*2- 3) 


factor(x*2-a) 


ENTER 


ENTER 


ENTER 


ENTER 


x2+1 
(x -2)+(x+2) 
x2-3 


x2-a 


factor(a*3* x*2-a* x*2-a%3+a,x) 


ENTER 


a: (a2-1)+(x-1)+(x+1) 


factor(x2-3,x) 


factor(x*2-a,Xx) 


ENTER 


(x +¥3)+ (x -¥3) 


ENTER 


(xt+Va)+ (x -Va) 


factor (x*5+4x*4+5x%*3- 6x- 3) 


ENTER 


x54+4-x44+ 5+ x3-6+x-3 


factor(ans(1), 


x) 


ENTER 


(x-.964..)+ (x +.611..)+ 
(x + 2.125...) + (x2 4+2.227..+ 


x + 2.392...) 
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factor(rationalNumber) returns the rational factor(152417172689) [ENTER 
number factored into primes. For composite 123457+1234577 
numbers, the computing time grows 

exponentially with the number of digits inthe isPrime(152417172689) [ENTER]false 
second-largest factor. For example, factoring 

a 30-digit integer could take more than a day, 

and factoring a 100-digit number could take 

more than a century. 


Note: To stop (break) a computation, press 
ON). 


If you merely want to determine if a number 
is prime, use isPrime() instead. It is much 
faster, particularly if rationalNumber is not 
prime and if the second-largest factor has 
more than five digits. 


Fill expression, matrixVar => matrix [1,2;3,4]>amatrx (ENTER ie 4 
’ , ’ 
Replaces each element in variable matrixVar Fill 1.01,amatrx (ENTER Done 
with expression. 1.01 1.01 
amatrx (ENTER Cy 011 O11 
matrixVar must already exist. . : 
Fill expression, listVar = list {1,2,3,4,5}>alist (ENTER 
: ; : {1 2 3 4 5} 
Replaces each element in variable listVar Fill 1.01,alist (EviER Done 
with expression. F 
alist (ENTER 
listVar must already exist. {1.01 1.01 1.01 1.01 1.01} 
floor(expression) = integer floor(- 2.14) [ENTER i 


Returns the greatest integer that is < the 
argument. This function is identical to int(). 


The argument can be a real or a complex 


number. 
floor(list!) = list floor({3/2,0,-5.3}) (ENTER 
floor(matrixl) => matrix 
{1 0 -6.} 
Returns a list or matrix of the floor of each 
element. floor([1.2,3.4;2.5,4.8]) (ENTER 
ate : 1, 35 
Note: See also ceiling() and int(). [> he ] 
fMax(expression, var) = Boolean expression fMax(1- (x-a)*2- (x-b)*2,x) [ENTER 
Returns a Boolean expression specifying atb 
candidate values of var that maximize x= 9 
expression or locate its least upper bound. 
fMax(.5x*3-x-2,x) (ENTER X = 00 
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Use the “I” operator to restrict the solution 
interval and/or specify the sign of other 
undefined variables. 


For the APPROX setting of the Exact/Approx 
mode, fMax() iteratively searches for one 
approximate local maximum. This is often 
faster, particularly if you use the “|” operator 
to constrain the search to a relatively small 
interval that contains exactly one local 
maximum. 


Note: See also fMin() and max(). 


fMin(expression, var) = Boolean expression 


Returns a Boolean expression specifying 
candidate values of var that minimize 
expression or locate its greatest lower bound. 


Use the “I” operator to restrict the solution 
interval and/or specify the sign of other 
undefined variables. 


For the APPROX setting of the Exact/Approx 
mode, fMin() iteratively searches for one 
approximate local minimum. This is often 
faster, particularly if you use the “|” operator 
to constrain the search to a relatively small 
interval that contains exactly one local 


Note: See also fMax() and min(). 


FnOff 


Deselects all Y= functions for the current 
graphing mode. 


In split-screen, two-graph mode, FnOff only 
applies to the active graph. 


fMax(.5x*3-x-2,x)|x<1 (ENTER 


x= ~.816... 


fMax(a*x*2,x) 


ENTER 


=co Or X= 


fMax(a*x*2,x) 


fMin(1- (x-a)*2- (x-b)*2,x) [ENTER 


fMin(.5x*3-x-2,x)| x21 (ENTER] x= 1 


-co or x=0 or a=0 


a<0O (ENTER x=0 


X=co OF X= “co 


fMin(a*x*2,x) 


ENTER 


=oo OF X= "co or X=0 or a=0 


fMin(a*x*2,x) 


fMin(a*x*2,x) 


a>0O and x>1 [ENTER 
x=] 


a>O (ENTER x=0 


FnOff [1] [, 2] ... [,99] 


Deselects the specified Y= functions for the 
current graphing mode. 


In function graphing mode: 


FnOff 1,3 [ENTER 
y3(x). 


deselects y1(x) and 


In parametric graphing mode: 


FnOff 1,3 (ENTER 
xt3(t), and yt3(t). 


deselects xt1(t), yt1(t), 


FnOn 


Selects all Y= functions that are defined for 
the current graphing mode. 


In split-screen, two-graph mode, FnOn only 
applies to the active graph. 
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FnOn [1] [, 2] ... [,99] 


Selects the specified Y= functions for the 
current graphing mode. 


Note: In 3D graphing mode, only one 
function at a time can be selected. FnOn 2 
selects z2(x,y) and deselects any previously 
selected function. In the other graph modes, 
previously selected functions are not 


affected. 
For var, low, high [, step] Program segment: 
block 
EndFor : 
:0>tempsum : 1>step 
Executes the statements in block iteratively :For i,1,100,step 
for each value of var, from low to high, in : tempsumt+i>tempsum 
increments of step. :EndFor 


var must not be a system variable. :D sp tempsum 


step can be positive or negative. The default 


value is 1. Contents of tempsum after 
execution: 5050 
block can be either a single statement or a 
series of statements separated with the “:” Contents of tempsum when step 
character. is changed to 2: 2500 
format(expression|, formatString]) = string format(1.234567,"f3") (ENTER 
; . "1235." 
Returns expression as a character string based 
on the format template. format(1.234567,"s2") (ENTER 
"1.2360" 


expression must simplify to a number. 
formatString is a string and must be in the 
form: “F[n]”, “S[n]”, “E[n]”, “G[n][c]”, where [ ] 


format(1.234567,"e3") (ENTER 


indicate optional portions. "1.235£0" 

F[n]: Fixed format. n is the number of digits format(1.234567,"g3") (ENTER 

to display after the decimal point. "1.235" 

S[n]: Scientific format. n is the number of format (1234.567,"g3") (ENTER 

digits to display after the decimal point. "1.234.567" 
’ : 


E[n]: Engineering format. n is the number of format(1.234567,"g3,r:") (ENTER 
digits after the first significant digit. The aan S 
exponent is adjusted to a multiple of three, 1:235 
and the decimal point is moved to the right 
by zero, one, or two digits. 


G[n][c]: Same as fixed format but also 
separates digits to the left of the radix into 
groups of three. c specifies the group 
separator character and defaults to a comma. 
If c is a period, the radix will be shown as a 
comma. 


[Rc]: Any of the above specifiers may be 
suffixed with the Rc radix flag, where c is a 
single character that specifies what to 
substitute for the radix point. 
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fpart(expression1) = expression fpart(-1.234) (ENTER -.234 
fpart(list1) => list 
fpart(matrix1) > matrix fpart({1, ~2.3, 7.003} ) (ENTER 

0 -.3 ,003)} 


Returns the fractional part of the argument. 


For a list or matrix, returns the fractional 
parts of the elements. 


The argument can be a real or a complex 
number. 


Func In function graphing mode, define a 
block piecewise function: 

endFune Define g(x)=Func:If x<0 Then 
Required as the first statement in a multi- :Return 3*cos(x):Else:Return 
statement function definition. 3-x: EndIf: EndFunc (ENTER Done 
block can be either a single statement ora Graph g(x) (ENTER 
series of statements separated with the “: 
character. 
Note: when() also can be used to define and 
graph piecewise-defined functions. ar a 

gcd(number1, number2) => expression gcd(18,33) (ENTER 3 


Returns the greatest common divisor of the 
two arguments. The ged of two fractions is 
the gcd of their numerators divided by the 
Icm of their denominators. 


In Auto or Approximate mode, the gcd of 
fractional floating-point numbers is 1.0. 
gced(list1, list2) = list gcd({12,14,16},{9,7,5}) (ENTER 
{3 7 1} 


Returns the greatest common divisors of the 
corresponding elements in list1 and list2. 


gcd(matrix1, matrix2) => matrix gcd((2,4;6,8],[4,8;12,16]) (ENTER 
Returns the greatest common divisors of the [ ] 
corresponding elements in matrix! and 
matrix2. 


Get var Program segment: 
Retrieves a CBL 2™/CBL™ (Calculator-Based : 
Laboratory™) or CBR™ (Calculator-Based :Send {3,1,-1,0} 
Ranger™) value from the link port and stores. For 4,1,99 
it in variable var. : Get dataLlil 
PtOn i,dataLli] 


: EndFor 
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GetCalc var Program segment: 


Retrieves a value from the link port and : 
stores it in variable var. This is for unit-to-unit :Disp "Press Enter when ready" 
linking. :Pause 
:GetCalc L1 
Note: To get a variable to the link port from :Disp "List Ll received" 
another unit, use [2nd] [VAR-LINK] on the other : 
unit to select and send a variable, or do a 
SendCalc on the other unit. 


getConfg() = ListPairs TI-89: 


Returns a list of calculator attributes. The getConfg() (ENTER 
attribute name is listed first, followed by its {"Product Name" "Advanced 
value. Mathematics Software" 
"Version" "2.00, 09/25/1999" 

"Product ID" "03-1-4-68" 

"ID #" "01012 34567 ABCD" 

"Cert. Rev. #" 0 

"Screen Width" 160 

"Screen Height" 100 

"Window Width" 160 

"Window Height" 67 

"RAM Size" 262132 

"Free RAM" 197178 

"Archive Size" 655360 

"Free Archive" 655340} 


TI-92 Plus: 
getConfg( ) [ENTER 


{"Product Name" "Advanced 
Mathematics Software" 
"Version" "2.00, 09/25/1999" 
"Product ID" "01-1-4-80" 
"ID #" "01012 34567 ABCD" 
"Cert. Rev. #" 0 

"Screen Width" 240 
"Screen Height" 120 
"Window Width" 240 
"Window Height" 91 

"RAM Size" 262144 

"Free RAM" 192988 
"Archive Size" 720896 
"Free Archive" 720874} 


Note: Your screen may display different 
attribute values. The Cert. Rev. # attribute 
appears only if you have purchased and 
installed additional software into the 


calculator. 
getDenom(expression1) => expression getDenom( (x+2)/(y-3)) (ENTER) y -3 
Transforms expression1 into one having a getDenom( 2/7) [ENTER ri 
reduced common denominator, and then 
returns its denominator. getDenom(1/x+(y*2+y)/y*2) [ENTER 


X°y 
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getKey() => 


getFold() = nameString 


Returns the name of the current folder as a 
string. 


integer 


Returns the key code of the key pressed. 
Returns 0 if no key is pressed. 


The prefix keys (shift [t], second function 
2nd], option [¢], alpha [alpha], and drag [}) are 
not recognized by themselves; however, they 
modify the keycodes of the key that follows 
them. For example: [¢] [x] 4 [X] # [2nd] [x]. 


For a listing of key codes, see Appendix B. 


getMode(modeNameString) = string 
getMode("ALL") => ListStringPairs 


If the argument is a specific mode name, 


returns a string containing the current setting 


for that mode. 


If the argument is "ALL", returns a list of 
string pairs containing the settings of all the 
modes. If you want to restore the mode 
settings later, you must store the 
getMode("ALL") result in a variable, and then 
use setMode() to restore the modes. 


For a listing of mode names and possible 
settings, see setMode(). 


Note: To set or return information about the 
Unit System mode, use setUnits() or getUnits() 
instead of setMode() or getMode(). 


getNum(expression1) = expression 


Transforms expression1 into one having a 
reduced common denominator, and then 
returns its numerator. 


getFold( ) (ENTER "main" 
getFold()>oldfoldr [ENTER] "main" 
oldfoldr (ENTER "main" 


Program listing: 


:Disp 
: Loop 
getKey()>key 
while key=0 
getKey()>key 
EndWhile 
Disp key 
If key = 
: Stop 
:EndLoop 


ord("a") 


getMode("angle" ) (ENTER "RADIAN" 


getMode("graph" ) (ENTER) "FUNCTION" 


getMode("al1") (ENTER 


{"Graph" "FUNCTION" 

"Display Digits" "FLOAT 6" 
"Angle" "RADIAN" 

"Exponential Format" "NORMAL" 
"Complex Format" "REAL" 
"Vector Format" "RECTANGULAR" 
"Pretty Print" "ON" 

"Split Screen" "FULL" 

"Split 1 App" "Home" 


r 
"Graph 2" "FUNCTION" 
"Split Screen Ratio" "1,1" 
"Exact/Approx" "AUTO" 
"Base" "DEC"} 


Note: Your screen may display different 
mode settings. 


getNum((x+2)/(y-3)) (ENTER x+2 
getNum( 2/7) (ENTER 2 
getNum(1/x+1/y ) (ENTER xty 
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getType(var) = string {1,2,3}>temp (ENTER {1 2 3} 
Returns a string indicating the data type of get Type (temp) (ENTER el 
variable var. 2+3i> temp (ENTER 2+ 3i 
If var has not been defined, returns the string getType(temp) [ENTER "EXPR" 
"NONE". 

DelVar temp (ENTER Done 
getType(temp) [ENTER "NONE" 

Data Type Variable Contents 

"ASM" Assembly-language program 

"DATA" Data type 

"EXPR" Expression (includes complex/arbitrary/undefined, oo, ~ co, TRUE, 

FALSE, pi, e) 

"FUNC" Function 

"GDB" Graph data base 

"LIST" List 

"MAT" Matrix 

"NONE" Variable does not exist 

"NUM" Real number 

"OTHER" Miscellaneous data type for future use by software applications 

"PIC" Picture 

"PRGM" Program 

"STR" String 

"TEXT" Text type 

"VAR" Name of another variable 

getUnits() => list getUnits() (ENTER 
Returns a list of strings that contain the Ta pa ae ce" pee " 
current default units for all categories except "Charge" "_coul" 
constants, temperature, amount of substance, 
luminous intensity, and acceleration. list has 
the form: Note: Your screen may display different 

default units. 


{"system" "cat1" “unit1" "cat2" "unit" ...} 


The first string gives the system (SI, ENG/US, 
or CUSTOM). Subsequent pairs of strings give 
a category (such as Length) and its default 
unit (such as _m for meters). 


To set the default units, use setUnits(). 
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Transfers program control to the label 
labelName. 


labelName must be defined in the same 
program using a Lbl instruction. 


The Smart Graph feature graphs the requested 
expressions/ functions using the current 
graphing mode. 


Expressions entered using the Graph or Table 
commands are assigned increasing function 
numbers starting with 1. They can be 
modified or individually deleted using the 
edit functions available when the table is 
displayed by pressing [F4] Header. The 
currently selected Y= functions are ignored. 


If you omit an optional var argument, Graph 
uses the independent variable of the current 
graphing mode. 


Note: Not all optional arguments are valid in 
all modes because you can never have all 
four arguments at the same time. 


Some valid variations of this instruction are: 
Function graphing Graph expr, x 


Parametric graphing Graph xExpr, yExpr, t 


Polar graphing Graph expr, 8 
Sequence graphing Not allowed. 
3D graphing Graph expr, x, y 


Diff Equations graphing Not allowed. 


Note: Use CirGraph to clear these functions, 
or go to the Y= Editor to re-enable the system 
Y= functions. 
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Goto labelName 


Program segment: 


:0>temp 
2191 
:Lb1 TOP 
tempt+ti>temp 
If i<10 Then 
it+1>i 


Goto TOP 
: EndIf 
:Disp temp 


Graph expression 1[, expression2] [, varl] [, var2] 


In function graphing mode and ZoomStd 
window: 


Graph 1.25a*cos(a),a (ENTER 


In parametric graphing mode and ZoomStd 
window: 


Graph time,2cos(time)/time,time 
ENTER 


In 3D graphing mode: 
Graph (v*2-w*2)/4,v,w 


ENTER 
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integer1 Hex = integer 256 bHex [ENTER 0h100 


Converts integer1 to a hexadecimal number. 0b111100001111>Hex [ENTER OhFOF 
Binary or hexadecimal numbers always have 
a 0b or Oh prefix, respectively. 


[7 Zero. not the letter O, followed by b or h. 


Ob binaryNumber 
Oh hexadecimalNumber 
Lia binary number can have up to 


32 digits. A hexadecimal number 
can have up to 8. 


Without a prefix, integer! is treated as 
decimal (base 10). The result is displayed in 
hexadecimal, regardless of the Base mode. 


If you enter a decimal integer that is too large 
for a signed, 32-bit binary form, a symmetric 
modulo operation is used to bring the value 
into the appropriate range. 


identity(expression) = matrix identity (4) (ENTER 
Returns the identity matrix with a dimension f ‘ 4 
of expression. 0010 
0001 


expression must evaluate to a positive integer. 


If Boolean expression If Boolean expression Then Program segment: 
statement block : 
Endlf : 
:If x<0 

If Boolean expression evaluates to true, :Disp "Xx is negative" 
executes the single statement statement or the : 
block of statements block before continuing —or—- 
execution. 
If Boolean expression evaluates to false, :If x<0 Then 
continues execution without executing the : Disp "x is negative" 
statement or block of statements. :  abs(x)>x 


‘ ‘ :EndIf 
block can be either a single statement or a : 


wy 


sequence of statements separated with the “: 


character. 
If Boolean expression Then Program segment: 
block1 
Else : 
block2 :If x<0 Then 
Endlf : Disp "x is negative" 
‘ Else 
If Boolean expression evaluates to true, :_ Disp "x is positive or zero 


executes block1 and then skips block2. : ae If 


If Boolean expression evaluates to false, skips 
block1 but executes block2. 


block1 and block2 can be a single statement. 
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If Boolean expression1 Then 
block1 

Elself Boolean expression2 Then 
block2 


Elself Boolean expressionN Then 
blockN 


Endlf 


Allows for program branching. If Boolean 
expression1 evaluates to true, executes block1. 
If Boolean expression! evaluates to false, 
evaluates Boolean expression2, etc. 


Program segment: 


:If choice=1 Then 
Goto optionl 
ElseIf choice=2 Then 
Goto option2 
ElseIf choice=3 Then 
Goto option3 
ElseIf choice=4 Then 
Disp "Exiting Program" 
: Return 
:EndIf 


imag(expression1) = expression imag(1+2i) (ENTER 2 
imag(expression1) returns the imaginary part imag(z) (ENTER 0 
of the argument. 

Note: All undefined variables are treated as imag (x+iy ) (ENTER y 
real variables. See also real(). 

imag(list1) => list imag({-3,4-dé,é}) (ENTER {0 -1 1} 
Returns a list of the imaginary parts of the 
elements. 

imag(matrixl) => matrix imag(La,b;ic,éd]) (TER Be ‘ 


Returns a matrix of the imaginary parts of the 
elements. 


Input 


Pauses the program, displays the current 
Graph screen, and lets you update variables 
xc and ye (also re and 6c for polar coordinate 
mode) by positioning the graph cursor. 


ENTER], the program resumes. 


When you press 


Input [promptString,] var 


Input [promptString], var pauses the program, 
displays promptString on the Program I/O 
screen, waits for you to enter an expression, 
and stores the expression in variable var. 


If you omit promptString, “?” is displayed as a 
prompt. 
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Program segment: 


:@Get 10 points from the Graph 
Screen 
:For 141510 
Input 
xc>XLISTLi] 
yc>YLISTLi] 
:EndFor 


Program segment: 


:For 1,1,9,1 
: "Enter x" & string(i)>strl 


Input stri1,#(right(strl1,2)) 
:EndFor 
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InputStr [promptString,] var Program segment: 


Pauses the program, displays promptString on : 

the Program I/O screen, waits for you to :InputStr "Enter Your Name",strl 
enter a response, and stores your response as : 

a string in variable var. 


If you omit promptString, “?” is displayed as a 
prompt. 


Note: The difference between Input and 
InputStr is that InputStr always stores the 
result as a string so that “” are not required. 


inString(srcString, subString|, start]) = integer inString("Hello there", "the") 
ENTER 7 
Returns the character position in string ; ; 
sreString at which the first occurrence of "ABCEFG">s1:If inString(sl, 
string subString begins. "D")=0:Disp "D not found." [ENTER 
D not found. 


start, if included, specifies the character 
position within srcString where the search 
begins. Default = 1 (the first character of 
srcString). 


If srcString does not contain subString or start 
is > the length of srcString, returns zero. 


int(expression) => integer int(-2.5) [ENTER 35 
int(list1) => list 
int(matrix1) => matrix int({-1.234,0,0.37]) (ENTER 

[-2, 0 0.3 


Returns the greatest integer that is less than 
or equal to the argument. This function is 
identical to floor(). 


The argument can be a real or a complex 
number. 


For a list or matrix, returns the greatest 
integer of each of the elements. 


intDiv(number1, number2) => integer intDiv(-7,2) (ENTER 73 
intDiv(list1, list2) => list 
intDiv(matrix1, matrix2) => matrix 


intDiv(4,5) (ENTER 0 


Returns the signed integer part of argument 1 jntDiv({12,-14,-16},{5,4,-3}) 
divided by argument 2. ENTER 


For lists and matrices returns the signed {2 "3 5} 


integer part of argument 1 divided by 
argument 2 for each element pair. 
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iPart(number) = integer iPart(-1.234) (ENTER is ae 
iPart(list1) = list ; 
iPart(matrizl) = matrix iPart({3/2,-2.3,7.003}) (ENTER 

{1 2. 7a} 


Returns the integer part of the argument. 


For lists and matrices, returns the integer 
part of each element. 


The argument can be a real or a complex 
number. 


isPrime(nwmber) = Boolean constant expression IsPrime(5) [ENTER true 
IsPrime(6) (ENTER false 


Returns true or false to indicate if nwmber is a 
whole number > 2 that is evenly divisible only 


Bymaelt and.t. Function to find the next prime after a 


If number exceeds about 306 digits and has no Specified number: 


factors < 1021, isPrime(nwmber) displays an Define nextPrim(n)=Func:Loop: 
error message. nt+1>n:if isPrime(n):return n: 

If you merely want to determine if numberis EndLoop:EndFunc [ENTER Done 
prime, use isPrime() instead of factor(). It is : 

much faster, particularly if number is not nextPrim(7) [ENTER 11 


prime and has a second-largest factor that 
exceeds about five digits. 


Item itemNameString See Custom example. 
Item itemNameString, label 


Valid only within a Custom...EndCustm or 
ToolBar...EndTBar block. Sets up a drop-down 
menu element to let you paste text to the 
cursor position (Custom) or branch to a label 
(ToolBar). 


Note: Branching to a label is not allowed 
within a Custom block. 


Lbl labelName Program segment: 


Defines a label with the name labelName in : 
the program. :Lb1 1b11 


:InputStr "Enter password", 
You can use a Goto labelName instruction to strl 
transfer program control to the instruction :If strl#password 
immediately following the label. : Goto 1bl1 


; :Disp "Welcome to 
labelName must meet the same naming : 
requirements as a variable name. 
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lem(number1, number2) = expression lcom(6,9) (ENTER 18 
lem(list1, list2) => list 
lom(matrix1, matrix2) => matrix Tom({1/3,-14,16},{2/15,7,5}) 
ENTER 
Returns the least common multiple of the {2/3 14 80} 


two arguments. The Icm of two fractions is 
the Icm of their numerators divided by the 
gcd of their denominators. The Icm of 
fractional floating-point numbers is their 
product. 


For two lists or matrices, returns the least 
common multiples of the corresponding 


elements. 
left(sowrceString[, num]) => string left("Hello",2) (ENTER "He" 


Returns the leftmost num characters 
contained in character string sowrceString. 


If you omit num, returns all of souwrceString. 


left(list1[, nwm]) => list left({1,3,~2,4},3) (ENTER 
1 3-"2 
Returns the leftmost num elements contained { } 
in list1. 
If you omit num, returns all of list1. 
left(comparison) => expression left(x<3) [ENTER x 
Returns the left-hand side of an equation or 
inequality. 
limit(expression1, var, point[, direction]) => limit(2x+3,x,5) (ENTER 13 
expression — 
limit(list1, var, point[, direction]) = list limit(1/x,x,0,1) (ENTER oo 
limit(matrix1, var, point[, direction]) = matrix 4 , 
limit(sin(x)/x,x,0) (ENTER 1 


Returns the limit requested. 


direction: negative=from left, positive=from VIMAG CCS IE SINCE N SID) 


right, otherwise=both. (If omitted, direction 
defaults to both.) 


cos(x) 


limit((1+1/n)4n,n,ec) [ENTER e 


Limits at positive -o and at negative oo are 
always converted to one-sided limits from the 
finite side. 


Depending on the circumstances, limit() 
returns itself or undef when it cannot 
determine a unique limit. This does not 
necessarily mean that a unique limit does not 
exist. undef means that the result is either an 
unknown number with finite or infinite 
magnitude, or it is the entire set of such 
numbers. 
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limit() uses methods such as L’Hopital’s rule, 1 imit(a*x,X,0) [ENTER undef 
so there are unique limits that it cannot 

determine. If expression contains undefined  ]imit(a*x,X,ec)|a>1 (ENTER oo 
variables other than var, you might have to 

constrain them to obtain a more concise limit(a*x,x,00)|a>0 and a<l 

result. ENTER 0 


Limits can be very sensitive to rounding 
error. When possible, avoid the APPROX 
setting of the Exact/Approx mode and 
approximate numbers when computing 
limits. Otherwise, limits that should be zero 
or have infinite magnitude probably will not, 
and limits that should have finite non-zero 
magnitude might not. 


Line xStart, yStart, xEnd, yEnd[, drawMode] In the ZoomStd window, draw a line and 


. then erase it. 
Displays the Graph screen and draws, erases, 


or inverts a line segment between the Line 0,0,6,9 [ENTER 
window coordinates (aStart, yStart) and 
(End, yEnd), including both endpoints. 


If drawMode = 1, draws the line (default). 

If drawMode = 0, turns off the line. 

If drawMode = ~ 1, turns a line that is on to off 
or off to on (inverts pixels along the line). 


Note: Regraphing erases all drawn items. See TI-89: [HOME 
also PxiLine. TI-92 Plus: [4] [HOME] 


Line 0,0,6,9,0 (ENTER 


Se Gee 
LineHorz CATALOG 


LineHorz y [, drawMode] In a ZoomStd window: 


Displays the Graph screen and draws, erases, LineHorz 2.5 (ENTER 
or inverts a horizontal line at window 
position y. 


If drawMode = 1, draws the line (default). 

If drawMode = 0, turns off the line. 

If drawMode = ~ 1, turns a line that is on to off 
or off to on (inverts pixels along the line). 


Note: Regraphing erases all drawn items. See 
also PxlHorz. 
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LineTan expression1, expression2 In function graphing mode and a ZoomTrig 


window: 
Displays the Graph screen and draws a line 


tangent to expression! at the point specified. Graph cos(x) 


expression! is an expression or the name ofa —_‘T+-89: [HOME 
function, where x is assumed to be the TI-92 Plus: [¢] [HOME] 
independent variable, and expression2 is the x Peas 

value of the point that is tangent. LineTan cos(x) 7/4 [ENTER 


Note: In the example shown, expression1 is 
graphed separately. LineTan does not graph 
expression1. 


LineVert x [, drawMode] In a ZoomStd window: 


Displays the Graph screen and draws, erases, LineVert -2.5 (ENTER 
or inverts a vertical line at window position x. 


If drawMode = 1, draws the line (default). 

If drawMode = 0, turns off the line. 

If drawMode = ~ 1, turns a line that is on to off 
or off to on (inverts pixels along the line). 


Note: Regraphing erases all drawn items. See 


also PxiVert. 
LinReg list, list2[, [list3] [, list4, list5]] In function graphing mode: 


Calculates the linear regression and updates {0,1,2,3,4,5,6}>L1 (ENTER 
all the system statistics variables. {0 12..} 


{0,2,3,4,3,4,6}>L2 [ENTER 


All the lists must have equal dimensions 


except for list5. {0 2 3 ..} 
; : LinReg L1,L2 [ENTER Done 
list1 represents xlist. 
list2 represents ylist. ShowStat [ENTER 
list3 represents frequency. ————r 
list4 represents category codes. —— 
list5 represents category include list. 2 ecueett 
corr =.810366 
RE =,B28767 
Note: list1 through list4 must be a variable ENTER 
name or cl-c99 (columns in the last data Regeq(x)>y1(x) [ENTER Done 
variable shown in the Data/Matrix Editor). NewPlot 1,1,L1,L2 (ENTER Done 
list5 does not have to be a variable name and 
cannot be c1-c99. ) [GRAPH] 
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lispmat(list [, elementsPerRow]) => 


matrix 


Returns a matrix filled row-by-row with the 
elements from list. 


elementsPerRow, if included, specifies the 
number of elements per row. Default is the 
number of elements in list (one row). 


If list does not fill the resulting matrix, zeros 
are added. 


list(list1) = list 


Returns a list containing the differences 
between consecutive elements in list1. Each 
element of list/ is subtracted from the next 
element of list/. The resulting list is always 
one element shorter than the original list1. 


In(expressionl1) = expression 
In(list1) = list 


Returns the natural logarithm of the 
argument. 


For a list, returns the natural logarithms of 
the elements. 


listymat({1,2,3}) (ENTER [1 2 3] 


listpymat({1,2,3,4,5},2) (ENTER 


Alist({20,30,45,70}) 


ENTER 
{10,15,25} 


1n(2.0) (ENTER . 693... 


If complex format mode is REAL: 


In({-3,1.2,5}) (ENTER 
Error: Non-real result 


If complex format mode is RECTANGULAR: 
In({-3,1.2,5)}) (ENTER 
{1n(3) + mei .182... 


1n(5)} 


In(squareMatrixl1) = squareMatrix 


Returns the matrix natural logarithm of 
squareMatrix1. This is not the same as 
calculating the natural logarithm of each 
element. For information about the 
calculation method, refer to cos() on. 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 
numbers. 


In Radian angle mode and Rectangular 
complex format mode: 


1n([1,5,3;4,2,1;6,~2,1]) 


ENTER 


1.831.41.734..¢% 
44B.- .725..8% 
~.266...- 2.083..¢i 


-009..- 1.490..9% 
1.064..4+.623 +i 
1.124.41.790..-% 
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LnReg list, list2[, [list3] [, list4, list5]] In function graphing mode: 
Calculates the logarithmic regression and {1,2,3,4,5,6,7,8}>L1 (ENTER 
updates all the system statistics variables. {123.3 
{1,2,2,3,3,3,4,4}>L2 [ENTER 


All the lists must have equal dimensions 
except for list5. eer ae ae 
LnReg L1,L2 [ENTER Done 


ShowStat [ENTER 


list1 represents xlist. 
list2 represents ylist. 
list3 represents frequency. rat ARE 
list4 represents category codes. PEaeb-Intxy 

list5 represents category include list. t Bete 


14i04i 


Note: list1 through list4 must be a variable 
name or cl—c99 (columns in the last data 

variable shown in the Data/Matrix Editor). 
list5 does not have to be a variable name and [ENTER 


cannot be c1-c99. Regeq(x)>y1(x) {ENTER Done 
NewPlot 1,1,L1,L2 (ENTER Done 
] [GRAPH] 


Local var1[, var2] [, var3] ... Program listing: 
Declares the specified vars as local variables. :prgmname() 
Those variables exist only during evaluation :Prgm 
:Local x,y 


of a program or function and are deleted X . 

when the program or function finishes ; Input “Enter x",x 

execution. :Input "Enter y",y 
:Disp x*y 


Note: Local variables save memory because —: EndPrgm 
they only exist temporarily. Also, they do not 
disturb any existing global variable values. Note: x and y do not exist after the 
Local variables must be used for For loops program executes. 

and for temporarily saving values in a multi- 

line function since modifications on global 

variables are not allowed in a function. 


Lock var1[, var2] ... {1,2,3,4}>L1 (ENTER {1,2,3,4} 
Locks the specified variables. This prevents Lock L1 [ENTER Done 
you from accidentally deleting or changing 
the variable without first using the unlock DelVar L1 (ENTER 
instruction on that variable. Error: Variable is locked or protected 


In the example to the right, the variable L1 is 
locked and cannot be deleted or modified. 


Note: The variables can be unlocked using 
the Unlock command. 
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log(expression1) = expression 
log(list1) = list 


Returns the base-10 logarithm of the 
argument. 


For a list, returns the base-10 logs of the 
elements. 


log(squareMatrixl) = squareMatrix 


Returns the matrix base-10 logarithm of 
squareMatrix1. This is not the same as 
calculating the base-10 logarithm of each 
element. For information about the 
calculation method, refer to cos(). 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 
numbers. 


log(2.0) (ENTER 301... 


If complex format mode is REAL: 


log({-3,1.2,5}) (ENTER 
Error: Non-real result 


If complex format mode is RECTANGULAR: 


log({-3,1.2,5}) (ENTER 
In(3) wT : 1n(5) 
{tactoy + Tactoy “# -979- Tactoy} 


In Radian angle mode and Rectangular 
complex format mode: 


log([1,5,3;4,2,1;6,-2,1]) (ENTER 
7954.75 3.08 .003...- . 647.98 
.194..-. 315. 462.4+.270¢% 
~.115.-.904..-8  .488.4.777.0¢% 


Logistic list1, list2 [, [iterations], [list3] [, list4, list5]] 


Calculates the logistic regression and updates 
all the system statistics variables. 


All the lists must have equal dimensions 
except for list5. 


list1 represents xlist. 

list2 represents ylist. 

list3 represents frequency. 

list4 represents category codes. 

list5 represents category include list. 


iterations specifies the maximum number of 
times a solution will be attempted. If omitted, 
64 is used. Typically, larger values result in 
better accuracy but longer execution times, 
and vice versa. 


Note: list1 through list4 must be a variable 
name or cl—c99 (columns in the last data 
variable shown in the Data/Matrix Editor). 
list5 does not have to be a variable name and 
cannot be cl-c99. 
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In function graphing mode: 
{1,2,3,4,5,6}>L1 (ENTER) {1 2 3 ..} 
{1,1.3,2.5,3.5,4.5,4.8}>L2 
ENTER 


{1 1.3 2.5 ..} 

Logistic L1,L2 {ENTER Done 
ShowStat (ENTER 

STAT VARS 
BEg Mhebe ecg 
a =4, 342886 
bk JPEOS EY 
4 =-1..66177 
d =.698347 
ENTER 
regeq(x)>y1(x) (ENTER Done 
NewPlot 1,1,L1,L2 {ENTER Done 
) [GRAPH] 
F2] 9 
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Loop Program segment: 
block : 
EndLoop L134 
Repeatedly executes the statements in block. : Loop 
Note that the loop will be executed endlessly, : Rand(6)>diel 
unless a Goto or Exit instruction is executed : Rand(6)>die2 
ae If diel=6 and die2=6 
block is a sequence of statements separated :  _ Goto End 
with the “:” character. 2 +19) 
:EndLoop 
:Lb1 End 


:Disp "The number of rolls is", i 


LU matrix, MatName, uMatName, pMatName{, tol] [6,12,18;5,14,31;3,8,18]>ml1 
ENTER 


Calculates the Doolittle LU (ower-upper) 
decomposition of a real or complex matrix. 6 12 18 
The lower triangular matrix is stored in [3 14 3 i] 
lMatName, the upper triangular matrix in 3. 8 18 


assigned a value. Otherwise, tol is ignored. 


uMatName, and the permutation matrix LU ml, lower,upper, perm [ENTER] Done 

(which describes the row swaps done during 

the calculation) in pMatName. 1 0 0 

lMatName * uMatName = pMatName * matrix Tower (ENTER E i ' 12 0| 

Optionally, any matrix element is treated as 6 12 18 

zero if its absolute value is less than tol. This ypper (ENTER [3 4 1 | 

tolerance is used only if the matrix has 0 0 1 

floating-point entries and does not contain 

any symbolic variables that have not been 1 0 0 
perm [ENTER 0 1 0 


e Ifyou use [+] (ENTER] or set the mode to 
Exact/Approx=APPROXIMATE, computations 


are done using floating-point arithmetic. [m,n;0,p]>m1 (ENTER [ 4 : ] 
e If tol is omitted or not used, the default 
tolerance is calculated as: LU ml,lower,upper,perm [ENTER] Done 
5eE- 14 * max(dim(matrix)) 1 0 
* rowNorm(matrix) lower {ENTER E | 
i) 


The LU factorization algorithm uses partial 


pivoting with row interchanges. 0 p 
m-p 
upper (ENTER F »] 
perm (ENTER [ ‘ al 
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mablist(matrix) => list 


Returns a list filled with the elements in 
matrix. The elements are copied from matrix 
row by row. 


max(expression1, expression2) = expression 
max(list1, list2) = list 


max(matrixl, matrix2) = matrix 


Returns the maximum of the two arguments. 
If the arguments are two lists or matrices, 
returns a list or matrix containing the 
maximum value of each pair of 
corresponding elements. 


matblist([1,2,3]) (ENTER 


[1,2,3;4,5,6]>M1 [ENTER 


mathlist(M1) (ENTER 


max(2.3,1.4) (ENTER 23 


max({1,2},{-4,3}) (ENTER 


{1 3} 


max(list) = expression 


Returns the maximum element in list. 


max({0,1,-7,1.3,.5}) (ENTER 1.3 


max(matric1) => matrix 


Returns a row vector containing the 
maximum element of each column in 
matrix. 


Note: See also fMax() and min(). 


mean(list[, freqlist]) = expression 
Returns the mean of the elements in list. 


Each freqlist element counts the number of 

consecutive occurrences of the 

corresponding element in List. 
mean(matrix1[, freqmatrix]) => matrix 


Returns a row vector of the means of all the 
columns in matrix1. 


Each freqmatrix element counts the number 
of consecutive occurrences of the 
corresponding element in matrix1. 


median(list) = expression 
Returns the median of the elements in list/. 


median(matriz1) = matrix 


Returns a row vector containing the medians 


of the columns in matriv1. 


Note: All entries in the list or matrix must 
simplify to numbers. 
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max([1,-3,7;-4,0,.3]) (ENTER 


mean({.2,0,1,~-.3,.4}) (ENTER .26 


mean({1,2,3},{3,2,1}) (ENTER) 5/3 
In vector format rectangular mode: 
mean([.2,0;-1,3;.4,-.5]) (ENTER 

Ei133.. 7893..J 
mean([{1/5,0;-1,3;2/5,-1/2]) 
ENTER 

[-2/15 5/6] 

mean({1,2;3,4;5,6],([5,3;4,1; 
6,2]) (ENTER [47/15, 11/3] 


median({.2,0,1,~-.3,.4}) (ENTER) .2 


median([.2,0;1,-.3;.4,-.5]) 
ENTER 


[.4 -.3] 
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MedMed list, list2[, [list3] [, list4, list5]] In function graphing mode: 
Calculates the median-median line and {0,1,2,3,4,5,6}>L1 [ENTER] {0 1 2 ...) 
updates all the system statistics variables. (0,253,453,4,6}>L2 [ENTER] {0 2 3 
’ ’ ’ ’ ’ y oa ee 
All the lists must have equal dimensions MedMed L1,L2 [ENTER Done 
except for list5. ShowStat [ENTER 
list1 represents xlist. STAT VARS 


list2 represents ylist. Sakeh 
list3 represents frequency. 
list4 represents category codes. 


list5 represents category include list. 


ran 


Note: list1 through list4 must be a variable 
name or cl—c99 (columns in the last data ENTER 
variable shown in the Data/Matrix Editor). Regeq(x)>y1(x) [ENTER Done 
list5 does not have to be a variable name and = yewpj ot 1,1,L1,L2 (ENTER Done 
cannot be c1-c99. 

) [GRAPH] 


ra aa 


mid(sourceString, start[, count]) => string mid("Hello there",2) (ENTER 
"ello there" 


Returns count characters from character 
string sourceString, beginning with character mid("Hello there",7,3) [ENTER 


number start. "the" 
If count is omitted or is greater than the mid("Hello there",1,5) (ENTER 
dimension of sourceString, returns all 

characters from sourceString, beginning with "Hello" 


character number start. 


mid("Hello there",1,0) (ENTER 
count must be > 0. If count = 0, returns an wu 


empty string. 
mid(sourceList, start [, count]) = list mid({9,8,7,6},3) (ENTER 7 6} 
Returns count elements from sourceList, mid({9,8,7,6},2,2) (ENTER 8 7} 
beginning with element number start. 
id({9,8,7,6},1,2) (ENTER 9 8 
If count is omitted or is greater than the MEG ee tahoe } 
dimension of sourceList, returns all elements mid({9,8,7,6},1,0) (ENTER } 
from sourceList, beginning with element 
number start. 
count must be = 0. If count = 0, returns an 
empty list. 
mid(sourceStringList, start[, count]) = list mid({"A","B","C","D"},2,2) [ENTER 
c"B" "C"} 


Returns count strings from the list of strings 
sourceStringList, beginning with element 
number start. 
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min(expression1, expression2) = expression min(2.3,1.4) [ENTER 1.4 
min(list1, list2) = list . 
min(matrix1, matrix2) => matrix min({1,2},{-4,3)}) (ENTER {-4 2} 


Returns the minimum of the two arguments. 
If the arguments are two lists or matrices, 
returns a list or matrix containing the 
minimum value of each pair of corresponding 
elements. 


min(list) = expression min({0,1,-7,1.3,.5}) (ENTER “7 


Returns the minimum element of list. 


min(matrivl!) => matrix min([1,-3,7;-4,0,.3]) (ENTER 
i [-4 -3 .3] 
Returns a row vector containing the 
minimum element of each column in matrix1. 


Note: See also fMin() and max(). 


mod(expression1, expression2) = expression mod(7,0) (ENTER 7 
mod(list1, list2) => list 


mod(matrix1, matrix2) => matrix mod(7,3) (ENTER 1 
Returns the first argument modulo the mod(-7,3) (ENTER 2 
second argument as defined by the identities: 

mod(7,~3) [ENTER 2 
mod(x,0) = x 
mod(x,y) = x- y floor(x/y) mod(-7,~3) (ENTER “1 
When the second argument is non-zero, the ve 7 
result is periodic in that argument. The result mod((12,- 14,161, 19575 ae a 


is either zero or has the same sign as the 
second argument. 


If the arguments are two lists or two 
matrices, returns a list or matrix containing 
the modulo of each pair of corresponding 
elements. 


Note: See also remain(). 


MoveVar var, oldFolder, newFolder {1,2,3,4}>L1 (ENTER {1 2 3 4} 
MoveVar L1,Main,Games [ENTER] Done 


Moves variable var from oldFolder to 
newFolder. If newFolder does not exist, 
MoveVar creates it. 


mRow(expression, matrixl, index) = matrix mRow(-1/3,[1,2;3,4],2) (ENTER 
1 2 
Returns a copy of matrix1 with each element [-1 -4/3] 
in row index of matrix1 multiplied by 
expression. 
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mRowAdd (expression, matrix1, index1, index2) mRowAdd(-3,[1,2;3,4],1,2) (ENTER 
=> matrix 1 2 
[9g -2] 


Returns a copy of matrix1 with each element 
in row index? of matrix1 replaced with: mRowAdd(n,[a,b;c,d],1,2) (ENTER 


a b 
Caentc b-ntd] 


nCr(expressionl, expression2) = expression z+ (z-2)* (z-1) 
nCr(z,3) —<— 


expression xX row index1 + row index2 


For integer expression1 and expression2 with 
expression = expression? = 0, nCr() is the ans(1)|z=5 10 
number of combinations of expression1 things 

taken expression2 at a time. (This is also nCr(z,c) 
known as a binomial coefficient.) Both 

arguments can be integers or symbolic 


expressions. ans(1)/nPr(z,c) 
nCr(expression, 0) = 1 
nCr(expression, negInteger) => 0 


nCr(expression, posInteger) => 
expression + (eapression— 1)... 
(expression —posInteger+1)/ posInteger! 


nCr(expression, nonInteger) = expression!/ 
((expression-nonInteger)! + nonInteger!) 


NCr(list1, list2) => list nCr({5,4,3},{2,4,2}) (ENTER 
{10 1 3} 


Returns a list of combinations based on the 
corresponding element pairs in the two lists. 
The arguments must be the same size list. 


nCr(matrix1, matrix2) => matrix nCr((6,5;4,3],02,2;2,2]) (ENTER 


Returns a matrix of combinations based on [ ee 3 a ] 
the corresponding element pairs in the two 

matrices. The arguments must be the same 

size matrix. 


nDeriv(expression1, var[,h]) => expression nDeriv(cos(x),x,h) (ENTER 
nDeriv(expression1, var, list) = list -(cos(x-h)-cos(xth) ) 
nDeriv(list, var[,h]) => list re 
nDeriv(matrix, var[,h]) => matrix 


Returns the numerical derivative as an limit(nDeriv(cos(x),x,h),h,0) 
expression. Uses the central difference ENTER ; 
quotient formula. -sin(x) 


his the step value. If h is omitted, it defaults Deriv(x*3,x,0.01) [ENTER 
to 0.001. 3.° (x2+.000033) 


When using list or matrix, the operation gets pDeriv(cos(x),x) | x=n/2 (ENTER 
mapped across the values in the list or across 
the matrix elements. 


Note: See also avgRC() and d(). nDeriv(x*2,x,{.01,.1}) [ENTER 
{2.°x 2,°x} 


ei be 
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NewData dataVar, list1[, list2] [, list3]... NewData mydata,{1,2,3},{4,5,6} 
ENTER 
Creates data variable dataVar, where the Done 
columns are the lists in order. 


. (Go to the Data/Matrix Editor and open 
Must have at least one list. the var mydata to display the data 


list1, list2, ..., listn can be lists as shown, variable below.) 


expressions that resolve to lists, or list 
variable names. 


NewData makes the new variable current in 
the Data/Matrix Editor. 


NewData dataVar, matrix 


Creates data variable dataVar based on 
matrix. 


NewData sysData, matrix 


Loads the contents of matrix into the system 
data variable sysData. 


NewFold folderName NewFold games [ENTER Done 


Creates a user-defined folder with the name 
folderName, and then sets the current folder 
to that folder. After you execute this 
instruction, you are in the new folder. 


newList(nwmElements) = list newList(4) [ENTER {0 0 0 0} 


Returns a list with a dimension of 
numElements. Each element is zero. 


newMat(numRows, numColumns) => matrix newMat(2,3) (ENTER Ey i oi 


Returns a matrix of zeros with the dimension 
numRows by numColumns. 


NewPic matrix, picVar [, maxRow]|[, maxCol] NewPic [1,1;2, 
5,1;:4,2;2,4;1 


Creates a pic variable picVar based on matrix. 
matrix must be an nx2 matrix in whicheach RclPic xpic [ENTER 
row represents a pixel. Pixel coordinates 

start at 0,0. If picVar already exists, NewPic 


replaces it. 
The default for picVar is the minimum area 


required for the matrix values. The optional 
arguments, maxRow and maxCol, determine 
the maximum boundary limits for picVar. 
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NewPlot n, type, xList [,[yList], [frqList], [catList], FnOf f (ENTER Done 
[includeCatList], [mark] [, bucketSize]] PlotsOff [ENTER Done 
Creates a new plot definition for plot number n. {1,2,3,4}>L1 [ENTER {1 23 4} 
“oe i Al {2,3,4,5}>L2 [ENTER {2 3 4 5} 
type specifies the type of the graph plot. a 8 
1 = scatter plot NewPlot 1,1,L1,L2,,,,4 [ENTER] Done 
2 = xyline plot : 
3 = ne aa Press [+] [GRAPH] to display: 
4 = histogram 
5 = modified box plot 
mark specifies the display type of the mark. a 
= 5 (box) 
2 = x (cross) 
3 = + (plus ) 
4 = = (square) 
5 = + (dot) 


bucketSize is the width of each histogram 
“bucket” (type = 4), and will vary based on 
the window variables xmin and xmax. 
bucketSize must be >0. Default = 1. 


Note: n can be 1-9. Lists must be variable 
names or cl—c99 (columns in the last data 
variable shown in the Data/Matrix Editor), 
except for includeCatList, which does not 
have to be a variable name and cannot be 


c1-c99. 
NewProb NewProb (ENTER Done 


Performs a variety of operations that let you 
begin a new problem from a cleared state 
without resetting the memory. 


e Clears all single-character variable names 
(Clear a-z) in the current folder, unless the 
variables are locked or archived. 


e Turns off all functions and stat plots 
(FnOff and PlotsOff) in the current 
graphing mode. 


e Perfoms CirDraw, ClrErr, ClrGraph, 
ClrHome, CirlO, and CirTable. 


nint(expression1, var, lower, upper) => expression nInt(e*(-x*2),x,~1,1) (ENTER 
1.493... 


If the integrand expression! contains no 
variable other than var, and if lower and upper 
are constants, positive oo, or negative oo, then 
nint() returns an approximation of 
J(expression1, var, lower, upper). This 
approximation is a weighted average of some 
sample values of the integrand in the interval 
lower<var<upper. 
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The goal is six significant digits. The adaptive 
algorithm terminates when it seems likely 
that the goal has been achieved, or when it 
seems unlikely that additional samples will 
yield a worthwhile improvement. 


A warning is displayed (“Questionable 
accuracy”) when it seems that the goal has not 
been achieved. 


Nest nint() to do multiple numeric integration. 
Integration limits can depend on integration 
variables outside them. 


Note: See also |(). 


Returns the Frobenius norm. 


nInt(cos(x),x,~a,a+1le ~ 12) (ENTER 
-1.041..6-12 


J(cos(x),x,~2,2+10%(-12)) 


_, 1 
Sin(T999000000000? 


Pa eae G4 


ENTER 


ENTER -1 


ans(1)[> 


nInt(nInt(er(-x*y)/V¥(x*2-y%2), 
y,~XsX),xX,0,1) (ENTER 3.304... 


norm(matrix) => expression 


norm([a,b;c,d]) (ENTER 


norm([1,2;3,4]) (ENTER 


not Boolean expression! = Boolean expression not 2>=3 [ENTER true 
Returns true, false, or a simplified Boolean not x<2 [ENTER x>2 
expression1. 
not not innocent (ENTER innocent 
not integer! = integer In Hex base mode: 
Returns the one’s complement of a real not Oh7AC36 [ENTER OhFFF853C9 


integer. Internally, integer1 is converted to a 
signed, 32-bit binary number. The value of 
each bit is flipped (0 becomes 1, and vice 
versa) for the one’s complement. Results are 
displayed according to the Base mode. 


You can enter the integer in any number 
base. For a binary or hexadecimal entry, you 
must use the 0b or Oh prefix, respectively. 
Without a prefix, the integer is treated as 
decimal (base 10). 


If you enter a decimal integer that is too large 
for a signed, 32-bit binary form, a symmetric 
modulo operation is used to bring the value 
into the appropriate range. 
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L Important: Zero, not the letter O. 


In Bin base mode: 


0b100101>dec [ENTER 37 
not 0b100101 (ENTER 

0b11111111111111111111111111011010 
ans(1)b>dec [ENTER -38 


Note: A binary entry can have up to 32 
digits (not counting the Ob prefix). A 
hexadecimal entry can have up to 8 digits. 


Note: To type the > conversion operator, 
press [2nd] [>]. You can also select base 
conversions from the MATH/Base menu. 
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nPr(expression1, expression2) = expression nPr(z,3) (ENTER ze (z-2)*(z-1) 
For integer expression1 and expression2 with ans(1) | z=5 (ENTER 60 
expression! > expression2 > 0, nPr() is the 
number of permutations of expression1 things 1 


taken expression2 at a time. Both arguments nPr(z,~ 3) (ENTER SFT) -(Z42)- (ZF 


can be integers or symbolic expressions. 


nPr(expression, 0) => 1 nPr(z,c) (ENTER Tort 


nPr(expression, negInteger) => 
1/((expression+1) « (expression+2)... 
(expression —negInteger)) 


ans(1)*nPr(z-c,~c) (ENTER 1 


nPr(expression, posInteger) => 
expression + (expression— 1)... 
(expression - posInteger+1) 


nPr(expression, nonInteger) = expression!/ 
(expression -nonInteger)! 


nPr(list1, list2) => list nPr({5,4,3},{2,4,2}) (ENTER 


Returns a list of permutations based on the fee 28. 8h 


corresponding element pairs in the two lists. 
The arguments must be the same size list. 


nPr(matrixl, matrix2) > matrix nPr([6,5;4,3],[2,2;2,2]) (ENTER 


Returns a matrix of permutations based on [ 2 a ] 
the corresponding element pairs in the two 

matrices. The arguments must be the same 

size matrix. 


nSolve(equation, varOrGuess) = number or nSolve(x*2+5x- 25=9,x) (ENTER 
error_string 3.844... 


Iteratively searches for one approximate real So] ye(x*2=4,x=- 1) (ENTER -2. 
numeric solution to equation for its one 
variable. Specify varOrGuess as: nSolve(x*2=4, x=1 ) [ENTER D 


variable 
_~or-— 
variable = real number 


Note: If there are multiple solutions, you 
can use a guess to help find a particular 
solution. 

For example, x is valid and so is x=3. 


nSolve() is often much faster than solve()or Sol ve(x*2+5x- 25=9,x) |x<0 (ENTER 
zeros(), particularly if the “I” operator is used -8.844... 
to constrain the search to a small interval 

containing exactly one simple solution. nSolve(((1+r)*24-1)/r=26,r) | r> 


nSolve() attempts to determine either one 0 and r<.25 (ENTER . 0068... 
point where the residual is zero or two 
relatively close points where the residualhas Solve(x*2=~1,x) (ENTER 
opposite signs and the magnitude of the "no solution found" 
residual is not excessive. If it cannot achieve 

this using a modest number of sample points, 

it returns the string “no solution found.” 


If you use nSolve() in a program, you can use 
getType() to check for a numeric result before 
using it in an algebraic expression. 


Note: See also cSolve(), cZeros(), solve(), and 
zeros(). 
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OneVar list [[, List2] [, list3] [, list4]] {0,2,3,4,3,4,6}>L1 (ENTER 
OneVar L1 (ENTER Done 
ShowStat [ENTER 


Calculates 1-variable statistics and updates 
all the system statistics variables. 


All the lists must have equal dimensions STAT VARS 
except for List4. a ee gieebe 
Exe =ou, 
list1 represents xlist. a 
list2 represents frequency. on ; = 
list3 represents category codes. 


list4 represents category include list. 


Note: list1 through list? must be a variable 
name or cl—c99 (columns in the last data 
variable shown in the Data/Matrix Editor). 
list4 does not have to be a variable name and 
cannot be c1-c99. 


Boolean expression1 or Boolean expression2 => x23 or x24 [ENTER x23 
Boolean expression 


Program segment: 
Returns true or false or a simplified form of 


the original entry. : 
If x<O0 or x25 


Returns true if either or both expressions Goto END 
simplify to true. Returns false only if both : 
expressions evaluate to false. If choice=1 or choice=2 


Naterseexor: pisp Wrong choice 


integerl or integer2 = integer In Hex base mode: 


Compares two real integers bit-by-bit using Oh7AC36 or Oh3D5F [ENTER] Oh7BD7F 
an or operation. Internally, both integers are 
converted to signed, 32-bit binary numbers. 
When corresponding bits are compared, the 
result is 1 if either bit is 1; the resultis0 only In Bin base mode: 
if both bits are 0. The returned value 

represents the bit results, and is displayed 0b100101 or 0b100 (ENTER) 0b100101 
according to the Base mode. 


L Important: Zero, not the letter O. 


Note: A binary entry can have up to 32 
You can enter the integers in any number digits (not counting the Ob prefix). A 
base. For a binary or hexadecimal entry, you hexadecimal entry can have up to 8 digits. 
must use the 0b or Oh prefix, respectively. 

Without a prefix, integers are treated as 

decimal (base 10). 


If you enter a decimal integer that is too large 
for a signed, 32-bit binary form, a symmetric 
modulo operation is used to bring the value 
into the appropriate range. 


Note: See xor. 
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ord(string) = integer ord("hello™) (ENTER 
ord(list1) => list 


char (104) (ENTER "h" 


Returns the numeric code of the first 
character in character string string, or a list ord(char(24) ) [ENTER 24 
of the first characters of each list element. 


ord({"alpha","beta"}) (ENTER 
{97 98} 


See Appendix B for a complete listing of 
character codes. 


Output row, column, exprOrString Program segment: 
Displays exprOrString (an expression or : 
character string) on the Program I/O screen :RandSeed 1147 
at the text coordinates (row, column). :C1rl0 
:For i1,1,90,10 
An expression can include conversion : Output i, rand(100),"Hello" 
operations such as }DD and >Rect. You can :EndFor 


also use the > operator to perform unit and 
number base conversions. 


Result after execution: 


If Pretty Print = ON, exprOrString is “pretty 


printed.” 
From the Program I/O screen, you can press Hello 
F5) to display the Home screen, or a program Hello Melic 
can use DispHome. 
Hello 


P>Rx(rExpression, 89Expression) = expression In Radian angle mode: 

P>Rx(rList, OList) = list 

P>Rx(rMatrix, OMatrix) => matrix PoRx(r ,@) [ENTER cos(®)-r 
Returns the equivalent x-coordinate of the PyRx(4,60°) (ENTER 2 
(x, 8) pair. 


PoRx({-3,10,1.3},{2/3,-72/4,0}) 


Note: The 0 argument is interpreted as either ENTER 


a degree or radian angle, according to the 
current angle mode. If the argument is an { “3/2 5-¥2 1.3 } 
expression, you can use ° or ' to override the 

angle mode setting temporarily. 


PyRy(rExpression, 89Expression) = expression In Radian angle mode: 

PrRy(rList, OList) = list 7 

PpyRy(rMatrix, @Matrix) => matrix PpRy(r,0) [ENTER sin(®)+r 
Returns the equivalent y-coordinate of the PyRy (4, 60°) (ENTER 2-13 
(x, 8) pair. 


Note: The 6 argument is interpreted as either a 


ENTER 
a degree or radian angle, according to the : 
current angle mode. If the argument is an 3+V3 4 } 
expression, you can use ° or ' to override the ae bev 0. 


angle mode setting temporarily. 
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part(expression1[,nonNegativelnteger]) 


This advanced programming function lets 
you identify and extract all of the sub- 
expressions in the simplified result of 
expression1. 


For example, if expression! simplifies to 
cos(m* x+3): 


e The cos() function has one argument: 
(m* x+3). 

e The sum of (1* x+3) has two operands: 
m* x and 3. 


e The number 3 has no arguments or 
operands. 


e The product m* x has two operands: 1 
and x. 


e The variable x and the symbolic constant 1 
have no arguments or operands. 


If x has a numeric value and you press 

+) (ENTER), the numeric value of 1* x is 
calculated, the result is added to 3, and then 
the cosine is calculated. cos() is the top-level 
operator because it is applied last. 


part(expression1) = number part(cos(m* x+3)) [ENTER 1 


Simplifies expression1 and returns the number 
of top-level arguments or operands. This 
returns 0 if expression! is a number, variable, 
or symbolic constant such as 7, é, i, or °°. 


Note: cos(m* x+3) has one argument. 


part(expression1,0) = string part(cos(m*x+3),0) (ENTER "cos" 


Simplifies expression1 and returns a string 
that contains the top-level function name or 
operator. This returns string(expression1) if 
expression1 is a number, variable, or symbolic 
constant such as 7, e, i, or °°. 


part(expression1,n) = expression part(cos(m*x+3),1) (ENTER 3+m*x 


Simplifies expression1 and returns the n™ Note: Simplification changed the order of 
argument or operand, where n is > 0 and the argument. 


< the number of top-level arguments or 
operands returned by part(expression1). 
Otherwise, an error is returned. 
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By combining the variations of part(), you can 
extract all of the sub-expressions in the 
simplified result of expression1. As shown in 
the example to the right, you can store an 
argument or operand and then use part() to 
extract further sub-expressions. 


Note: When using part(), do not rely on any 
particular order in sums and products. 


Expressions such as (x+y+z) and (x- y- Z) 
are represented internally as (x+y)+z and 
(x- y)- z. This affects the values returned for 
the first and second argument. There are 
technical reasons why part(x+y+z,1) returns 
y+x instead of x+y. 


Similarly, x* y* z is represented internally as 
(x* y)* z. Again, there are technical reasons 
why the first argument is returned as y*x 
instead of x+y. 


When you extract sub-expressions from a 
matrix, remember that matrices are stored as 
lists of lists, as illustrated in the example to 
the right. 
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part(cos(2* 
part(cos(2* 


x+3)) (ENTER 1 
x+3),0) (ENTER "cos" 


part(cos(a*x+3),1)>temp (ENTER 
3+m*xX 
temp [ENTER Te? X4+3 
part(temp,0) (ENTER es ca 
part(temp) (ENTER 2 
part(temp,2) (ENTER 3 
part(temp,1)>temp [ENTER TX 
part(temp,0) (ENTER me" 
part(temp) (ENTER 2 
part(temp,1) (ENTER tT 
part(temp,2) (ENTER x 
part(x+y+z) {ENTER 2 
part(x+y+z,2) (ENTER Zz 
part(x+y+z,1) [ENTER y+x 
part(x*y*z) (ENTER 2 
part(x*y*z,2) (ENTER Zz 
part(x*y*z,1) (ENTER yx 


part([a,b,c 
part([a,b,c 
part([a,b,c 


ENTER 


part(temp,0 


;X,y»Z],0) [ENTER] "{" 
>X+¥»Z]) (ENTER 2 
:Xs¥sZ],2)>temp 


part(temp) 


part(temp,3 
delVar temp 


{x y Zz} 
) (ENTER ae al 
ENTER 3 
) (ENTER Zz 
ENTER Done 


The example Program Editor function to the 
right uses getType() and part() to partially 
implement symbolic differentiation. Studying 
and completing this function can help teach 
you how to differentiate manually. You could 
even include functions that the 

TI-89 / TI-92 Plus cannot differentiate, such 
as Bessel functions. 


Passes an error to the next level. 


If “errornum” is zero, PassErr does not do 
anything. 


The Else clause in the program should use 
ClrErr or PassErr. If the error is to be 
processed or ignored, use ClrErr. If what to 
do with the error is not known, use PassErr 
to send it to the next error handler. (See also 
ClrErr.) 


Suspends program execution. If you include 
expression, displays expression on the Program 
Y/O screen. 


expression can include conversion operations 
such as }DD and >Rect. You can also use the > 
operator to perform unit and number base 
conversions. 


If the result of expression is too big to fit on a 
single screen, you can use the cursor pad to 
scroll the display. 


Program execution resumes when you 
press [ENTER]. 
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:d(y,X) 

:Func 

:Local f 

:If getType(y)="VAR" 

: turn when(y=x,1,0,0) 
:If part(y)=0 

: Return 0 @y=z,0,i,numbers 
:part(y,0)>f 

:If f="-" @if negate 


Return -d(part(y,1),x) 
:If f="-" @if minus 
Return d(part(y,1),x) 
-d(part(y,2),x) 
:I1f f="+" 
: Return d(part(y,1),x) 
t+d(part(y,2),x) 
=", 


wa 
oO 


St fF 


: Return 

part(y,1)*d(part(y,2),x) 

tpart(y,2)*d(part(y,1),x) 

If f="{" 

: turn seq(d(part(y,k),x), 
k,l,part(y)) 

:Return undef 

:EndFunc 


wa 
oO 


PassErr 


See ClrErr program listing example. 


Pause [expression] 


Program segment: 


:C1rl0 

:DelVar temp 

:1lstemp[1] 

:lotemp[2] 

:Disp temp[2] 

:@Guess the Pattern 

:For 143,20 
temp[i-2]+temp[i-1]>tempLli] 
Disp tempLil 
Disp temp,"Can you guess the 

next", "number?" 

Pause 

:EndFor 
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PlotsOff [1] [, 2] [, 3] ..- [, 9] PlotsOff 1,2,5 (ENTER Done 


Turns off the specified plots for graphing. PlotsOff [ENTER Done 
When in 2-graph mode, only affects the active 
graph. 


If no parameters, then turns off all plots. 


PlotsOn [1] [, 2] [, 3] - [, 9] PlotsOn 2,4,5 [ENTER Done 
Turns on the specified plots for graphing. P1lotsOn [ENTER Done 
When in 2-graph mode, only affects the active 
graph. 
If you do not include any arguments, turns on 
all plots. 

vector bPolar [1,3.]>Polar (ENTER 


[x,y] Polar (ENTER 


Displays vector in polar form [r 26]. The 


vector must be of dimension 2 and can be a i 3.)F 
. ‘colar 
row or a column. [3.16228 2 1.24905] 
. > : e[s y]rPolar . 
Note: >Polar isa display-format instruction, [fe +4? _msiaty) op 
not a conversion function. You can use it 2 
only at the end of an entry line, and it does 
not update ans. 
Note: See also Rect. 
complexValue »Polar In Radian angle mode: 
. 7 ‘4 

Displays complexVector in polar form. 3+4ibPolar (ENTER ef SG tant3/4)) 
e Degree angle mode returns (128). fen 

(42Zn/3)>Polar (ENTER e3 +4 


e Radian angle mode returns re”. 


complexValue can have any complex form. 


However, an re‘® entry causes an error in In Degree angle mode: 


Degree angle mode. 3+4épPolar (ENTER](5.290- tan1(3/4)) 
Note: You must use the parentheses for an 
(728) polar entry. 
polyEval(list1, expression1) => expression polyEval({a,b,c},x) (ENTER 
polyEval(list1, list2) = expression ae x2+b+ xtc 
Interprets the first argument as the lyEval({1,2,3,4}.2) (ENTER 26 
coefficient of a descending-degree polyEvalstltissthee) 
polynomial, and returns the polynomial polyEval({1,2,3,4},{2,-7}) 
evaluated for the value of the second 26 -262 
argument. ENTER { } 
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PopUp itemList, var PopUp 
("1990","1991","1992"},varl 
Displays a pop-up menu containing the ENTER 


character strings from itemList, waits for you 
to select an item, and stores the number of 
your selection in var. 


The elements of itemList must be character 
strings: {item1String, item2String, 
item3String, ...} 

If var already exists and has a valid item 
number, that item is displayed as the default 
choice. 


itemList must contain at least one choice. 


PowerReg list1, list2[, [list3] [, list4, list5]] In function graphing mode: 


Calculates the power regression and updates {1,2,3,4,5,6,/}>L1 [ENTER 
all the system statistics variables. {123 ..} 


All the lists must have equal dimensions {1,2,3,4,3,4,6}>L2 (ENTER 
except for list5. {L-2 3. an} 
ised veprcseriin alist PowerReg L1,L2 [ENTER Done 


list2 represents ylist. ShowStat [ENTER 
list3 represents frequency. rT ARE 
list4 represents category codes. 

list5 represents category include list. 


=1.0BB4FE 
=.B06339 


rae 


Note: list1 through list4 must be a variable 
name or cl—c99 (columns in the last data 


variable shown in the Data/Matrix Editor). 

list5 does not have to be a variable name and [ENTER 

cannot be c1-c99. Regeq(x)>y1(x) [ENTER Done 
NewPlot 1,1,L1,L2 (ENTER Done 
] [GRAPH] 


oe 


Prgm Program segment: 
EndPrgm :prgmname() 
:Prgm 
Required instruction that identifies the : 
:EndPrgm 


beginning of a program. Last line of program 
must be EndPrgm. 
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product(list[, start[, end]]) = expression product({1,2,3,4}) (ENTER 24 
Returns the product of the elements product({2,x,y}) (ENTER 2°xey 
contained in list. Start and end are optional. 

They specify a range of elements. product({4,5,8,9},2,3) (ENTER) 40 
product(matrix1[, start[, end]]) = matrix product([1,2,3;4,5,6;7,8,9]) 
ae ENTER [28 80 162] 
Returns a row vector containing the products 
of the elements in the columns of matrix1. product([1,2,3;4,5,6;7,8,9], 
Start and end are optional. They specify a 1,2) (ENTER [4,10,18] 


range of rows. 


Prompt varl[, var2] [, var3] ... Program segment: 
Displays a prompt on the Program I/O screen : 
for each variable in the argument list, using Prompt A,B,C 
the prompt var1?. Stores the entered : 
expression in the corresponding variable. EndPrgm 


Prompt must have at least one argument. 


propFrac(expression![, var]) = expression propFrac(4/3) (ENTER L173 


propFrac(rational_number) returns propFrac( ~ 4/3) (ENTER -1-1/3 
rational_number as the sum of an integer and 

a fraction having the same sign and a greater 

denominator magnitude than numerator 

magnitude. 


propFrac(rational_expression,var) returns the pro pF rac( (x*2+x+1)/(x+1)+ 
sum of proper ratios and a polynomial with (y*2+y+1)/(y+1),x) (ENTER 
respect to var. The degree of var in the 


denominator exceeds the degree of var in the G2 vert Gee 
numerator in each proper ratio. Similar : proprrac| 2 * #1 += 
powers of var are collected. The terms and i yteytd 
their factors are sorted with var as the main wei **t GT _ 
variable. 


propFrac(ans(1)) 


If var is omitted, a proper fraction expansion 
is done with respect to the most main 


variable. The coefficients of the polynomial / proprrac| > +yeet 

part are then made proper with respect to “ 1 Fa 

their most main variable first and so on. wei ***tgeit4 

For rational expressions, propFrac() is a 

faster but less extreme alternative to 

expand(). 
PtChg x, y Note: PtChg through PtText show 
PtChg xList, yList continuing similar examples. 


PtChg 2,4 [ENTER 


Displays the Graph screen and reverses the 
screen pixel nearest to window coordinates 


(a, y)- . 
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PtOff x, y 
PtOff xList, yList 


Displays the Graph screen and turns off the 
screen pixel nearest to window coordinates 


(x, y). 


PtOn x, y 
PtOn wList, yList 


Displays the Graph screen and turns on the 
screen pixel nearest to window coordinates 


(x, y). 


ptTest (x,y) = Boolean constant expression 
ptTest (List, yList) = Boolean constant expression 


Returns true or false. Returns true only if the 
screen pixel nearest to window coordinates 
(a, y) is on. 


PtText string, x, y 


Displays the Graph screen and places the 
character string string on the screen at the 
pixel nearest the specified (w, y) window 
coordinates. 


string is positioned with the upper-left corner 
of its first character at the coordinates. 


PxiChg row, col 
PxiChg rowList, colList 


Displays the Graph screen and reverses the 
pixel at pixel coordinates (row, col). 


Note: Regraphing erases all drawn items. 


PtOff 2,4 


ENTER 


PtOn 3,5 [ENTER 


ptTest(3,5) true 


ENTER 


PtText "sample",3,5 [ENTER 


sample 


PxlChg 2,4 


Sa Ga 


ENTER 


PxiCrel row, col, r [, drawMode] 


Displays the Graph screen and draws a circle 
centered at pixel coordinates (row, col) with a 
radius of r pixels. 


If drawMode = 1, draws the circle (default). 
If drawMode = 0, turns off the circle. 

If drawMode = -1, inverts pixels along the 
circle. 


Note: Regraphing erases all drawn items. See 
also Circle. 


TI-89: Px1Crcl 40,80,30,1 (ENTER 


TI-92 Plus: Px1Crcl 50,125,40,1 
ENTER 
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PxlHorz row [, drawMode] PxlHorz 25,1 (ENTER 


Displays the Graph screen and draws a 
horizontal line at pixel position row. 


If drawMode = 1, draws the line (default). 

If drawMode = 0, turns off the line. 

If drawMode = -1, turns a line that is on to off 
or off to on (inverts pixels along the line). 


Note: Regraphing erases all drawn items. See 
also LineHorz. 


PxiLine rowStart, colStart, rowEnd, colEnd [, drawMode]_ TI-89: Px] Line 50,15,20,90,1 (ENTER 


Displays the Graph screen and draws a line TI-92 Plus: Px]Line 80,20,30,150,1 
between pixel coordinates (rowStart, colStart) [ENTER 
and (rowEnd, colEnd), including both 
endpoints. 


If drawMode = 1, draws the line (default). 

If drawMode = 0, turns off the line. 

If drawMode = -1, turns a line that is on to off 
or off to on (inverts pixels along the line). 


Note: Regraphing erases all drawn items. See 
also Line. 


PxlOff row, col PxlHorz 25,1 (ENTER 
PxlOff rowList, colList Pxl0ff 25,50 [ENTER 


Displays the Graph screen and turns off the 
pixel at pixel coordinates (row, col). 


Note: Regraphing erases all drawn items. 


25,50 
PxlOn row, col Px10n 25,50 [ENTER 
PxlOn rowList, colList 
Displays the Graph screen and turns on the . 


pixel at pixel coordinates (row, col). 


Note: Regraphing erases all drawn items. 


pxlTest (row, col) = Boolean expression Px10n 25,50 [ENTER 
pxiTest (rowList, colList) = Boolean expression TI-89: (HOME 


Returns true if the pixel at pixel coordinates TI-92 Plus: [4] [HOME] 


(row, col) is on. Returns false if the pixel is off. Px1Test(25,50) (ENTER true 
Note: Regraphing erases all drawn items. PxlOff 25,50 (ENTER 

TI-89: [HOME 

TI-92 Plus: [¢] [HOME] 

PxlTest(25,50) (ENTER false 
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PxIText string, row, col TI-89: Px1Text "sample 


Displays the Graph screen and places text",20,10 [ENTER 
character string string on the screen, starting TI-92 Plus: Px]1Text "sample 
at pixel coordinates (row, col). text",20,50 (ENTER 


string is positioned with the upper-left corner 
of its first character at the coordinates. sample text 


Note: Regraphing erases all drawn items. 


PxIVert col [, drawMode] PxlVert 50,1 (ENTER 


Draws a vertical line down the screen at pixel 
position col. 


If drawMode = 1, draws the line (default). 

If drawMode = 0, turns off the line. 

If drawMode = -1, turns a line that is on to off 
or off to on (inverts pixels along the line). 


Note: Regraphing erases all drawn items. See 
also LineVert. 


QR matrix, qMatName, rMatName[, tol] The floating-point number (9.) in m1 


o causes results to be calculated in floating- 
Calculates the Householder QR factorization point form. 


of a real or complex matrix. The resulting Q 
and R matrices are stored to the specified [1,2,3;4,5,6;7,8,9.]>m1 (ENTER 
MatNames. The Q matrix is unitary. The R [: 2 3 | 


matrix is upper triangular. 


Optionally, any matrix element is treated as 


zero if its absolute value is less than tol. This 2 ml,qm,rm [ENTER Done 

tolerance is used only if the matrix has 123 904 408 

floating-point entries and does not contain i 49 2 s 30 1. S 8 16 

any symbolic variables that have not been qm [ENTER] | ° aes ” i _ 

assigned a value. Otherwise, tol is ignored. - 861... 301... 408... 

e Ifyou use [+] [ENTER] or set the mode to 8.124.. 9.601... 11.078... 
Exact/Approx=APPROXIMATE, computations m [ENTER E . : 04... , -809... | 
are done using floating-point arithmetic. : . : 

e If tol is omitted or not used, the default 
tolerance is calculated as: [m,n;o,p]>m1 (ENTER [ a 


5e- 14 * max(dim(matrix)) 
* rowNorm(matrix) 
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The QR factorization is computed QR ml,qm,rm (ENTER Done 
numerically using Householder 


transformations. The symbolic solution is qm (ENTER 
computed using Gram-Schmidt. The columns m -sign(m-p-n-o):o0 
in qMatName are the orthonormal basis <Frton 2 a[feron 
vectors that span the space defined by ne cq # . ° +0) 
icin 0 m-sign(m-p-n-o 
{m2 + 02 afm + 02 
m-nto-p 
am? + 0% aA 
A {me +02 
rm [ENTER |m=p-neol 


0 {m2 ¥ 02 


QuadReg list, list2[, [list3] [, list4, list5]] In function graphing mode: 
Calculates the quadratic polynomial {0,1,2,3,4,5,6,7}>L1 (ENTER 
regression and updates the system statistics {123 ..} 
variables. {4,3,1,1,2,2,3,3}>L2 [ENTER 
All the lists must have equal dimensions {43 1 ...} 
except for list5. QuadReg L1,L2 [ENTER Done 


ShowStat [ENTER 


list1 represents xlist. 


list2 represents ylist. (_STATWaRE 

list3 represents frequency. vEaREeb eG 

list4 represents category codes. t Seer 

list5 represents category include list. he meer 

Note: list1 through list4 must be a variable ENTER 

name or c1-c99. (columns in the last data Regeq(x)>y1(x) [ENTER Done 
variable shown in the Data/Matrix Editor). NewPlot 1,1,L1,L2 (ENTER Done 
list5 does not have to be a variable name and 

cannot be c1-c99. ) [GRAPH] 
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QuartReg list, list2[, [list3] [, list4, list5]] In function graphing mode: 

Calculates the quartic polynomial regression {7~2,~71,0,1,2,3,4,5,6}>L1 (ENTER 

and updates the system statistics variables. {-2 -10..} 

All the lists must have equal dimensions {4,3,1,2,4,2,1,4,6}>L2 (ENTER 

except for list5. {43 1 ..} 

list? represents xlist. QuartReg L1,L2 [ENTER Done 

list2 represents ylist. ShowStat [ENTER 

list3 represents frequency. ( 

list4 represents category codes. ¥ Aeon cee 

list5 represents category include list. t “deste 

Note: list through list4 must be a variable eae 

name or cl—c99 (columns in the last data 

variable shown in the Data/Matrix Editor). 

list5 does not have to be a variable name and [ENTER 

cannot be c1-c99. Regeq(x)>y1(x) [ENTER Done 
NewPlot 1,1,L1,L2 (ENTER Done 
) [GRAPH] 


a 
R>PO (xExpression, yExpression) = expression In Degree angle mode: 


RrPO (xList, yList) = list 
R>PO (Matrix, yMatrix) = matrix 


R>PO( x,y) (ENTER 


Returns the equivalent 0-coordinate of the = REPACH, WY 
(%,y) pair arguments. 90-signtw) — tana[=] 


Note: The result is returned as either a 
degree or radian angle, according to the 
current angle mode. RbPO(3,2) [ENTER 


RoPO(L3,-4,2],[0,0/4,1.5]) (ENTER 


In Radian angle mode: 


"RPPACS, 2) tant(2-S)) 
= RePe([3 -42,{a 3 ith 
16 


[a tana 28] +3 643501 


R>Pr (vExpression, yExpression) = expression In Radian angle mode: 


RpPr (xList, yList) => list 
RpPr (vMatrix, yMatrix) > matrix RbPr (3,2) [ENTER 
RpoPr( x,y) (ENTER 


RoPr([3,-4,2],[0,2/4,1.5]) [ENTER 


Returns the equivalent r-coordinate of the 
(%,y) pair arguments. 


MRRP S23 Iie 
MRRP, Wy x2eye 


srPr([s -4 21/0 2 1.0 


2 
n+ 256 
[: a 2.5| 
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rand([n]) = expression RandSeed 1147 [ENTER Done 
n is an integer # zero. tL (Sets the random-number seed.) 
With no parameter, returns the next random 
number between 0 and 1 in the sequence. rand() (ENTER . 158... 
When an argument is positive, returns a rand(6) (ENTER 5 
random integer in the interval [1, n]. rand(-100) [ENTER -49 


When an argument is negative, returns a 
random integer in the interval [ ~ n, ~ 1). 


randMat(numRows, numColumns) => matrix RandSeed 1147 [ENTER Done 
Returns a matrix of integers between -9 and 9 - “s : 6 
of the specified dimension. randMat(3,3) (ENTER 2 3-6 
0 4-6 


Both arguments must simplify to integers. 


Note: The values in this matrix will 
change each time you press [ENTER]. 


randNorm(mean, sd) = expression RandSeed 1147 (ENTER Done 


Returns a decimal number from the specific randNowm(0;1) [EvTER ates. 
normal distribution. It could be any real randNorm(3,4.5) (ENTER -3.543... 
number but will be heavily concentrated in 

the interval [mean-3* sd, mean+3* sd]. 


randPoly(var, order) = expression RandSeed 1147 (ENTER Done 
randPoly(x,5) [ENTER 


Returns a polynomial in var of the specified 
order. The coefficients are random integers 2+ X5+3+ xX4- 6+ x3+4+ X- 6 
in the range ~ 9 through 9. The leading 

coefficient will not be zero. 


order must be 0-99. 

RandSeed number RandSeed 1147 (ENTER Done 
If number = 0, sets the seeds to the factory rand() (ENTER pd BB 
defaults for the random-number generator. If 
number # 0, it is used to generate two seeds, 
which are stored in system variables seed1 
and seed2. 

RclGDB GDBvar RclGDB GDBvar (ENTER Done 


Restores all the settings stored in the Graph 
database variable GDBvar. 


For a listing of the settings, see StoGDB. 


Note: It is necessary to have something 
saved in GDBvar before you can restore it. 
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RelPic picVar [, row, column] 


Displays the Graph screen and adds the 
picture stored in picVar at the upper left-hand 
corner pixel coordinates (row, column) using 


OR logic. 
picVar must be a picture data type. 


Default coordinates are (0, 0). 


real(expression1) = expression real (2+3i) (ENTER 2 
Returns the real part of the argument. real(z) (ENTER Z 
Note: All undefined variables are treated as : 
real variables. See also imag(). real (x+iy) (ENTER x 

real(list1) = list real({ati*b,3,é}) (ENTER) {a 3 0} 
Returns the real parts of all elements. 

real(matrizl) = matric real([Latixb,3;c,é]) (ENTER Le a 


Returns the real parts of all elements. 
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vector Rect [3,21/4, 22/6 ]bRect [ENTER 
Displays vector in rectangular form [x, y, z]. [ Soe SNe SONS ] 
The vector must be of dimension 2 or 3 and 4 4 2 
eerie a tow or acelin. [a,Zb,2Zc] [ENTER] [a- cos(b)+ sin(c) 
Note: Rect is a display-format instruction, a-sin(b)+sin(c) a+cos(c)] 
not a conversion function. You can use it 
only at the end of an entry line, and it does 
not update ans. 
Note: See also >Polar. 
complexValue bRect In Radian angle mode: 
Tw 
Displays complexValue in rectangular form 4e*(n/3)r>Rect [ENTER 4-e3 
a+bi. The complexValue can have any complex 
form. However, an re’ entry causes anerror (4/n/3)pRect (ENTER 242 +y3ei 
in Degree angle mode. 
Note: Y t th fe 'Z 
: st pete use parentheses for an (r28) Dade aisle nade 
(4260)>Rect [ENTER 24+2-Bei 


Note: To type >Rect from the keyboard, 
[>] for the > operator. To type Z, 


press 
press 


2nd 


2nd 


[4. 
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ref(matrix1[, tol]) = matrix 


Returns the row echelon form of matrix1. 


Optionally, any matrix element is treated as 
zero if its absolute value is less than tol. This 
tolerance is used only if the matrix has 
floating-point entries and does not contain 
any symbolic variables that have not been 
assigned a value. Otherwise, tol is ignored. 


e If you use [+] [ENTER] or set the mode to 
Exact/Approx=APPROXIMATE, computations 
are done using floating-point arithmetic. 


e If tol is omitted or not used, the default 
tolerance is calculated as: 


5eE- 14 * max(dim(matrix1)) 
* rowNorm(matrix1) 


Note: See also rref(). 


ref([-2,°-2,0,-6;1,-1, 


2,4,~-4]) (ENTER 


0 0 1 


957 93 bss 


-62/71 


1 7-2/5 -4/5 = 4/5 
F 1 4/7 47, 


[a,b.cse,f.gloml GmAT 2 - a] 
f g 
lee 
ref(ml) (ENTER a-g-c-e 
0 1 spe 


remain(expression1, expression2) = expression 
remain(list1, list2) = list 
remain(matriv1, matrix2) => matrix 


Returns the remainder of the first argument 
with respect to the second argument as 
defined by the identities: 


remain(x,0) = x 
remain(x,y) = x- y*iPart(x/y) 


As a consequence, note that remain(- x,y) = 
- remain(x,y). The result is either zero or it 
has the same sign as the first argument. 


Note: See also mod(). 


Rename oldVarName, newVarName 


Renames the variable oldVarName as 
newVarName. 


Request promptString, var 


If Request is inside a Dialog...EndDlog 
construct, it creates an input box for the user 
to type in data. If it is a stand-alone 
instruction, it creates a dialog box for this 
input. In either case, if var contains a string, it 
is displayed and highlighted in the input box 
as a default choice. promptString must be < 20 
characters. 


This instruction can be stand-alone or part of 
a dialog construct. 
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remain(7,0) (ENTER 7 
remain(7,3) (ENTER 
remain(~7,3) (ENTER = 
remain(7,~3) (ENTER 
remain(-7,~3) (ENTER - 
remain({12,-14,16},{9,7,~-5}) 
ENTER 

{3 01 
remain(L9,-7;6,4],[4,3;4,-3]) 
ENTER 

-1 

eae 
{1,2,3,4}>L1 [ENTER {1,2,3,4} 
Rename L1, 1istl [ENTER Done 
list1 (ENTER {1,2,3,4} 


Request "Enter Your Name",strl 


ENTER 


Enter Your Name: fd 
Enter=Ok ESC=CANCEL 


Return [expression] 


Returns expression as the result of the 
function. Use within a Func...EndFunc block, 
or Prgm...EndPrgm block. 


Note: Use Return without an argument to 
exit a program. 


Note: Enter the text as one long line on the 
Home screen (without line breaks). 


right(listl[, nwm]) => list 


Returns the rightmost num elements 
contained in list. 


If you omit nwm, returns all of list1. 


right(sourceString[, num]) = string 


Returns the rightmost nwm characters 
contained in character string sowrceString. 


If you omit nwm, returns all of sourceString. 


Define factoral(nn)=Func 
:local answer,count:1>answer 
:For count,1l,nn 
:answer* count>answer:EndFor 


:Return answer: 


factoral (3) (ENTER 


right({1,3,-2,4},3) 


right("Hello",2) (ENTER 


EndFunc [ENTER] Done 


6 


ENTER 


{3 -2 4} 


"To" 


right(comparison) => expression 


Returns the right side of an equation or 
inequality. 


rotate(integer1[,#ofRotations]) = integer 


Rotates the bits in a binary integer. You can 
enter integer1 in any number base; it is 
converted automatically to a signed, 32-bit 
binary form. If the magnitude of integer1 is 
too large for this form, a symmetric modulo 
operation brings it within the range. 


If #of Rotations is positive, the rotation is to 
the left. If #of Rotations is negative, the 
rotation is to the right. The default is ~ 1 
(rotate right one bit). 


For example, in a right rotation: 


id Each bit rotates right. 
0b00000000000001111010110000110101 
ai | 


Rightmost bit rotates to leftmost. 
produces: 
0b10000000000000111101011000011010 


The result is displayed according to the Base 
mode. 


right(x<3) (ENTER 


In Bin base mode: 


w 


rotate(0b1111010110000110101) 


ENTER 


0b10000000000000111101011000011010 
ENTER] 0b1000000000 


rotate(256,1) 


In Hex base mode: 
rotate(0h78E) 


rotate(Oh78E, - 


rotate(Oh78E,2) (ENTER 


ENTER 


2) (ENTER 


Oh3C7 
0h800001E3 
Oh1E38 


Important: To enter a binary or 
hexadecimal number, always use the 0b 
or Oh prefix (zero, not the letter O). 
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rotate(list1[,#ofRotations]) = list In Dec base mode: 


Returns a copy of list1 rotated right or left by rotate({1,2,3,4}) (ENTER 

#of Rotations elements. Does not alter list1. {4 1 2 3} 

If #of Rotations is positive, the rotation is to rotate({1,2,3,4},-2) (ENTER 

the left. If #of Rotations is negative, the {3 4 1 2} 

rotation is to the right. The default is ~ 1 

(rotate right one element). rotate({1,2,3,4},1) (ENTER 

{2 3 4 1} 

rotate(string1[,#ofRotations]) = string rotate("abcd") (ENTER "dabc" 

Returns a copy of string1 rotated right or left rotate("abcd",~-2) {ENTER "cdab" 

by #of Rotations characters. Does not alter 

string1. rotate("abcd",1) [ENTER "beda" 


If #of Rotations is positive, the rotation is to 
the left. If #of Rotations is negative, the 
rotation is to the right. The default is ~ 1 
(rotate right one character). 


round(expressionI[, digits]) = expression round(1.234567,3) (ENTER 1.235 


Returns the argument rounded to the 
specified number of digits after the decimal 
point. 


digits must be an integer in the range 0-12. If 
digits is not included, returns the argument 
rounded to 12 significant digits. 


Note: Display digits mode may affect how 
this is displayed. 


round(list/[, digits]) => list round({m,V(2),1n(2)},4) (ENTER 
{3.1416 1.4142 .6931} 


Returns a list of the elements rounded to the 
specified number of digits. 


round(matrix1[, digits]) = matrix round({1n(5),1n(3);2,e*(1)],1) 
ENTER 
Returns a matrix of the elements rounded to 
the specified number of digits. c 1.6 1.1 j 
Sed Lad 
rowAdd(matrix1, rIndex1, rIndex2) => matrix rowAdd([3,4;~3,~2],1,2) (ENTER 
Returns a copy of matrix1 with row rIndex2 [ : ] 
replaced by the sum of rows rIndex1 and 
rIndex2. rowAdd([La,b;c,d],1,2) (ENTER 
a b 
Late b+d 
rowDim(matrix) = expression 12 
[1,2;3,4;5,6]>M1 (ENTER 34 
Returns the number of rows in matrix. 5 6 
rowdim(M1) (ENTER 3 


Note: See also colDim(). 
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rowNorm(matrix) = expression rowNorm([-5,6,-7;3,4,9;9,-9,-7]) 
ENTER 25 


Returns the maximum of the sums of the 
absolute values of the elements in the rows in 
matrix. 


Note: All matrix elements must simplify to 
numbers. See also colNorm(). 


rowSwap(matrix1, rIndex1, rIndex2) => matrix [1,2;3,4;5,6]>Mat (ENTER 
Returns matrix1 with rows rIndex1 and : i 
rIndex2 exchanged. 5 6 


rowSwap(Mat,1,3) (ENTER 


RplcPic picVar{, row][, column] 


Clears the Graph screen and places picture 
picVar at pixel coordinates (row, column). If 
you do not want to clear the screen, use 
RelPic. 


picVar must be a picture data type variable. 
row and column, if included, specify the pixel 
coordinates of the upper left corner of the 
picture. Default coordinates are (0, 0). 


Note: For less than full-screen pictures, only 
the area affected by the new picture is 


cleared. 
rref(matrix1[, tol]) = matrix rrefQl-2,72,05"621,71,9,-93 


-5,2,4,~-4]) [ENTER 


Returns the reduced row echelon form of 


matrix1. 1 0 0 66/71 
147 

em TT 

0 01 -62/71 


Optionally, any matrix element is treated as rref(La,b,x;c,d,yJ]) (ENTER 
zero if its absolute value is less than tol. This 


tolerance is used only if the matrix has d+ x-b-y 
floating-point entries and does not contain 1 0 aa epee 
any symbolic variables that have not been 

assigned a value. Otherwise, tol is ignored. * 4 “(c+ x-a-y) 


a-d-b-c 


e Ifyou use [¢] [ENTER] or set the mode to 
Exact/Approx=APPROXIMATE, computations 
are done using floating-point arithmetic. 

e If tol is omitted or not used, the default 
tolerance is calculated as: 


5eE- 14 * max(dim(matrix1)) 
* rowNorm(matrix1) 


Note: See also ref(). 
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Send list Program segment: 


CBL 2™/CBL™ (Calculator-Based : 
Laboratory™) or CBR™ (Calculator-Based :Send { 


1,0} 
Ranger™) instruction. Sends list to the link :Send {1,2,1} 
port. : 
SendCalc var Program segment: 


Sends variable var to the link port, where : 

another unit linked to that port can receive :atb>x 

the variable value. The receiving unit mustbe .sendCalc x 
on the Home screen or must execute GetCalc : 

from a program. 


If you send from a TI-89 or TI-92 Plus to a 
TI-92, an error occurs if the TI-92 executes 
GetCalc from a program. In this case, the 
sending unit must use SendChat instead. 


SendChat var Program segment: 
A general alternative to SendCalc, this is : 
useful if the receiving unit is a TI-92 (orfora  :at+b>x 


generic "chat" program that allows either a -<SendChat x 
TI-92 or TI-92 Plus to be used). Refer to : 
SendCalc for more information. 


SendChat sends a variable only if that 
variable is compatible with the TI-92, which 
is typically true in "chat" programs. However, 
SendChat will not send an archived variable, 
a TI-89 graph data base, etc. 


seq(expression, var, low, high, step]) => list seq(n*2,n,1,6) (ENTER 
{1 4 9 16 25 36} 


Increments var from low through high by an 


increment of step, evaluates expression, and seq(1/n,n,1,10,2) (ENTER 

returns the results as a list. The original {1 1/3 1/5 1/7 1/9} 

contents of var are still there after seq() is 

completed. sum(seq(1/n*2,n,1,10,1) ) (ENTER 

var cannot be a system variable. 196... 

The default value for step = 1. 127... 
or press (*][ENTER] to get: 1.549... 
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setFold(newfolderName) =  oldfolderString 


Returns the name of the current folder as a 
string and sets newfolderName as the current 
folder. 


The folder newfolderName must exist. 


newFold chris (ENTER Done 
setFold(main) (ENTER "chris" 
setFold(chris)>oldfoldr (ENTER 
"main" 
1>a (ENTER 1 
setFold(#oldfoldr) (ENTER) "chris" 
a (ENTER a 
chris \a [ENTER 1 


setGraph(modeNameString, settingString) = string 


Sets the Graph mode modeNameString to 
settingString, and returns the previous setting 
of the mode. Storing the previous setting lets 
you restore it later. 


modeNameString is a character string that 
specifies which mode you want to set. It must 
be one of the mode names from the table 
below. 


settingString is a character string that 
specifies the new setting for the mode. It 
must be one of the settings listed below for 
the specific mode you are setting. 


setGraph("Graph Order","Seq") 
ENTER 


setG 
ENTER 


raph("Coordinates","Off") 


"SEQ" 


"RECT" 


Note: Capitalization and blank spaces are 


optional when entering mode names. 


Mode Name Settings 

"Coordinates" "Rect", "Polar", "Off" 

"Graph Order" "Seq", "Simul" 4 

"Grid" "Off", "On" 2 

"Axes" "Off", "On" (not 3D graph mode) 
"Off", "Axes", "Box" (3D graph mode) 

"Leading Cursor" "Off", "On" 2 

"Labels" "Off", "On" 

"Style" "Wire Frame", "Hidden Surface", "Contour Levels", "Wire and Contour", 
"Implicit Plot" * 

"Seq Axes" "Time", "Web", "Ul-vs-U2" 4 

"DE Axes" "Time", "t-vs-y'", "y-vs-y'", "yl-vs-y2", "yl-vs-y2'", "y1'-vs-y2'" 5 
Tip: To type a prime symbol (' ), press 2nd) [’]. 

"Solution Method" "RK", "Euler" 5 

"Fields" "SIpFld", "DirFld", "Fidoff" ® 


INot available in Sequence, 3D, or Diff Equations graph mode. 
2Not available in 3D graph mode. 

3 Applies only to 3D graph mode. 

4 Applies only to Sequence graph mode. 

5 Applies only to Diff Equations graph mode. 
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setMode(modeNameString, settingString) = string setMode("Angle", "Degree" ) 
setMode(list) =  stringList ENTER "RADIAN" 
Sets mode modeNameString to the new setting i v2 
: ; : sin(45) [ENTER 
settingString, and returns the current setting “2 


of that mode. Fl 
setMode("Angle", "Radian" ) 

modeNameString is a character string that ENTER "DEGREE" 

specifies which mode you want to set. It must 

be one of the mode names from the table sin(/4) (ENTER - 

below. 

settingString is a character string that se tMo de ("Display Digits" iz : 

specifies the new setting for the mode. It Fix 2") (ENTER FLOAT 

must be one of the settings listed below for 7 (+) (ENTER 3.14 

the specific mode you are setting. 

list contains pairs of keyword strings and _ tMode ("Display Digi ts", , 

will set them all at once. This is Float” ) (ENTER FIX 2 

recommended for multiple-mode changes. a fel (ENTER 3.141... 


The example shown may not work if each of 
the pairs is entered with a separate setMode() 


in the order shown. 


Use setMode(var) to restore settings saved 
with getMode("ALL")> var. 


Note: To set or return information about the 
Unit System mode, use setUnits() or getUnits() 
instead of setMode() or getMode(). 


setMode ({"Split Screen", 
"Left-Right","Split 1 App", 
"Graph","Split 2 App","Table"}) 
ENTER 


{"Split 2 App" "Graph" 
"Split 1 App" "Home" 
"Split Screen" "FULL"} 


Note: Capitalization and blank spaces are 
optional when entering mode names. 
Also, the results in these examples may be 
different on your unit. 


Mode Name Settings 

"Graph" "Function", "Parametric", "Polar", "Sequence", "3D", "Diff Equations" 
"Display Digits" "Fix 0", "Fix 1", ..., "Fix 12", "Float", "Float 1", ..., "Float 12" 

"Angle" "Radian", "Degree" 


"Exponential Format" 


"Complex Format" 


"Normal", "Scientific", "Engineering" 


"Real", "Rectangular", "Polar" 


"Vector Format" 


"Rectangular", "Cylindrical", "Spherical" 


"Pretty Print" "Off", "On" 

"Split Screen" "Full", "Top-Bottom", "Left-Right" 

"Split 1 App" "Home", "Y= Editor", "Window Editor", "Graph", "Table", "Data/Matrix 
Editor", "Program Editor", "Text Editor", "Numeric Solver", "Flash App" 

"Split 2 App" "Home", "Y= Editor", "Window Editor", "Graph", "Table", "Data/Matrix 
Editor", "Program Editor", "Text Editor", "Numeric Solver", "Flash App" 

"Number of Graphs" i Ne 

"Graph2" "Function", "Parametric", "Polar", "Sequence", "3D", "Diff Equations" 


"Split Screen Ratio" 


"L:1", "1:2", "2:1" (TI-92 Plus only) 


"Exact/Approx" "Auto", "Exact", "Approximate" 
"Base" "Dec', "Hex", "Bin" 
"Language" "English", "Alternate Language" 
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Sets the table parameter modeNameString to 
settingString, and returns the previous setting 
of the parameter. Storing the previous setting 


setTable(modeNameString, settingString) = string 


setTable("Graph <-> 
Table", "ON") 
ENTER "ORF* 


setTable("Independent", "AUTO" ) 


lets you restore it later. ENTER "ASK" 
modeNameString is a character string that +) [Tbiset] 

specifies which parameter you want to set. It }§5,.=-—@———saugeaee 

must be one of the parameters from the table [iastare 

below. at: LT 


Graph <-> Tate: hls 
AUTOS 


ESCECHMCEL 


settingString is a character string that 
specifies the new setting for the parameter. It 
must be one of the settings listed below for 
the specific parameter you are setting. 


Independant: 


EnterSsAve 


Note: Capitalization and blank spaces 
are optional when entering parameters. 


Parameter Name Settings 
"Graph <-> Table" "Off", "On" 
"Independent" "Auto", "Ask" 


setUnits(list1) => list All unit names must begin with an 


underscore _. 
Sets the default units to the values specified 


in list1, and returns a list of the previous 
defaults. 


TI-89: [+] [_ 
TI-92 Plus: (2nd) [_] 


e To specify the built-in SI (metric) or 


You can also select units from a menu by 
ENG/US system, list1 uses the form: 


pressing: 
{"SI"} or {"ENG/US"} 


TI-89: [2nd] [UNITS] 
¢ To specify a custom set of default units, TI-92 Plus: [¢] [UNITS] 
se ees wie Tom: setUnits({"SI"}) [EWER 
{"CUSTOM", "cat1", "wnit1"[, "cat2", "unit2", ...]} {"ST" "Area" "NONE" 
"Capacitance" "_F" } 


where each cat and unit pair specifies a 
category and its default unit. (You can 
specify built-in units only, not user-defined 
units.) Any category not specified will use 
its previous custom unit. 


setUnits({"CUSTOM","Length", 
""cm","Mass","_gm"}) [ENTER 


("SI" "Length" "om" 


"Mass" "kg" ...} 


Note: Your screen may display different 
units. 


e To return to the previous custom default 
units, list] uses the form: 


{"CUSTOM"} 


If you want different defaults depending on 
the situation, create separate lists and save 
them to unique list names. To use a set of 

defaults, specify that list name in setUnits(). 


You can use setUnits() to restore settings 
previously saved with setUnits() > var or with 
getUnits() > var. 
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Shade expr1, expr2, [xlow], [xhigh], [pattern], [patRes] In the ZoomTrig viewing window: 


Displays the Graph screen, graphs expr1 and Shade cos(x),sin(x) {ENTER 
expr2, and shades areas in which expr! is less 
than expr2. (expr1 and expr2 must be 
expressions that use x as the independent 
variable.) 


alow and xhigh, if included, specify left and 
right boundaries for the shading. Valid inputs 
are between xmin and xmax. Defaults are xmin 


and xmax. TI-89: [HOME 

pattern specifies one of four shading patterns: TH62 Plus: [#1] HOME] 

1 = vertical (default) C1 rDraw (ENTER Done 
2 = horizontal Shade cos(x),sin(x),0,5 (ENTER 


3 = negative-slope 45° 
4 = positive-slope 45° 


patRes specifies the resolution of the shading Sp rr 
patterns: 


1= solid shading 
2= 1 pixel spacing (default) 
3= 2 pixels spacing 


: TI-89: [HOME 
10= 9 pixels spacing TI-92 Plus: [4] [HOME] 
C1 rDraw [ENTER Done 


Note: Interactive shading is available on the 
Graph screen through the Shade instruction. Shade cos(x),sin(x),0,5,2 (ENTER 
Automatic shading of a specific function is 

available through the Style instruction. Shade 


is not valid in 3D graphing mode. 


TI-89: [HOME 
TI-92 Plus: 


HOME] 


° 


Cl rDraw (ENTER Done 
Shade cos(x),sin(x),0,5,2,1 
ENTER 


Sears 
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In Bin base mode: 


t(0b1111010110000110101) 


shift(integer1[,#ofShifts]) = integer 


Shifts the bits in a binary integer. You can 
enter integer1 in any number base; it is 
converted automatically to a signed, 32-bit 
binary form. If the magnitude of integer1 is 
too large for this form, a symmetric modulo 
operation brings it within the range. 


If #ofShifts is positive, the shift is to the left. If 
#ofShifts is negative, the shift is to the right. 
The default is ~ 1 (shift right one bit). 


In aright shift, the rightmost bit is dropped 
and 0 or 1 is inserted to match the leftmost 
bit. In a left shift, the leftmost bit is dropped 
and 0 is inserted as the rightmost bit. 


For example, in a right shift: 


P Each bit shifts right. 
0b00000000000001111010110000110101 


Inserts 0 if leftmost bit is 0, Dropped 


or 1 if leftmost bit is 1. 
produces: 


0b00000000000000111101011000011010 


The result is displayed according to the Base 
mode. Leading zeros are not shown. 


shif 


ENTER 


shif 


In Hex base mode: 


shif 
shif 


shif 


0b111101011000011010 


t(256,1) (ENTER 


t(Oh78E) (ENTER 


0b1000000000 


Oh3C7 


t(Oh78E,~-2) 


ENTER 


Oh1E3 


t(Oh78E,2) 


ENTER 


Oh1E38 


Important: To enter a binary or 
hexadecimal number, always use the 0b 
or Oh prefix (zero, not the letter O). 


shift(list] [,#ofShifts]) = list 


Returns a copy of list1 shifted right or left by 
#ofShifts elements. Does not alter list1. 


If #ofShifts is positive, the shift is to the left. If 
#ofShifts is negative, the shift is to the right. 
The default is ~ 1 (shift right one element). 


Elements introduced at the beginning or end 
of list by the shift are set to the symbol 
“undef”. 


shift(string1 [,#ofShifts]) = string 


Returns a copy of string1 shifted right or left 
by #ofShifts characters. Does not alter string1. 


If #ofShifts is positive, the shift is to the left. If 
#ofShifts is negative, the shift is to the right. 
The default is ~ 1 (shift right one character). 


Characters introduced at the beginning or 
end of string by the shift are set to a space. 
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In Dec base mode: 


shif 


shif 


shif 


shif 


shif 
shif 


({1,2,3,4}) 


ENTER 


({1,2,3,4},>2) 


undef 1 2 3} 
ENTER 


{undef undef 1 2} 


t({1,2,3,4},1) (ENTER 

2 3 4 undef} 
("abcd") (ENTER "abc" 
t("abcd",-2) (ENTER " dab” 
t("abcd",1) [ENTER "bed " 
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ShowStat {1,2,3,4,5}>L1 (ENTER) {1 2 3 4 5} 
0,2,6,10,25}>L2 [ENTER 
Displays a dialog box containing the last iy Ay bed 
computed statistics results if they are still TwoV L1,L2 (EMER 0 2 6 10 25} 
valid. Statistics results are cleared woven , 
automatically if the data to compute them ShowStat (ENTER 
has changed. SATE 
Use this instruction after a statistics s as 
calculation, such as LinReg. Ee SEE. 
Eve =?as. 
Exy =1H7. 
ix wi EALL35 
sign(expression1) = expression sign(-3.2) (ENTER aa ae 
sign(list1) => list . 
sign(matrizl) > matrix sign({2,3,4,~5}) (ENTER 
{1 1 1 -1} 


For real and complex expression1, returns 


expression1/abs(expression1) when sign(1+abs(x)) (ENTER 1 
expression1# 0. 


Returns 1 if expression1 is positive. 
Returns ~ 1 if expression! is negative. 
sign(0) returns +1 if the complex format : 
mode is REAL; otherwise, it returns itself. sign([-3,0,3]) (ENTER {-1 +1 1] 
sign(0) represents the unit circle in the 

complex domain. 


If complex format mode is REAL: 


For a list or matrix, returns the signs of all 
the elements. 


simult(coeffMatrix, constVector|, tol]) => matrix Solve forxandy: x+2y=1 


: 3x+4y=-1 
Returns a column vector that contains the 


solutions to a system of linear equations. simult({1,2;3,4],[1;~-1]) (ENTER 


coeffMatrix must be a square matrix that [,] 
contains the coefficients of the equations. 2 


constVector must have the same number of The solution is x=~ 3 and y=2. 
rows (same dimension) as coeffMatrix and 


contain the constants. Solve: ax+by=1 


Optionally, any matrix element is treated as cx +dy=2 

zero if its absolute value is less than tol. This ab 
tolerance is used only if the matrix has [a,b;c,d]>matx1 (ENTER [ce ql 
floating-point entries and does not contain simult(matx1,[1;2]) [ENTER 
any symbolic variables that have not been -(2+b-d) 
assigned a value. Otherwise, tol is ignored. 


aed-b-c 
e Ifyou use [¢] ENTER] or set the mode to 2-a-c 
Exact/Approx=APPROXIMATE, computations 
are done using floating-point arithmetic. 


a-d-D-c 


e If tol is omitted or not used, the default 
tolerance is calculated as: 


5eE- 14 * max(dim(coeffMatrix)) 
* rowNorm(coeffMatrix) 
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simult(coeffMatrix, constMatrix{[, tol]) = matrix Solve: x+2y=1 x+2y=2 
3x+4y="1 3x+4y= "3 


Solves multiple systems of linear equations, 


where each system has the same equation simult([1,2;3,4],[1,2;-1,- 
coefficients but different constants. ENTER 

Each column in constMatrix must contain the [ “3 
constants for a system of equations. Each 2 


column in the resulting matrix contains the 


solution for the corresponding system. 


3]) 


For the first system, x=~ 3 and y=2. For 


the second system, x= ~ 7 and y=9/2. 


sin(expression1) = expression 
sin(list1) = list 


sin(expression1) returns the sine of the 
argument as an expression. 


sin(list1) returns a list of the sines of all sin(45) (ENTER 


elements in list1. 


Note: The argument is interpreted as either a 
degree or radian angle, according to the 
current angle mode. You can use ° or ' to 


In Degree angle mode: 


sin((n/4)" ) (ENTER 


override the angle mode setting temporarily. In Radian angle mode: 


sin(squareMatrixl) = squareMatrix 


Returns the matrix sine of squareMatrix1. This $in([1,5,3;4,2,1;6,~2,1]) 
is not the same as calculating the sine of each 


element. For information about the 
calculation method, refer to cos(). 


squareMatrix1 must be diagonalizable. The 


result always contains floating-point 
numbers. 


sin({0,60,90}) (ENTER] {0 Es 1} 


V2 
sin(/4) (ENTER =o 
; v2 
sin(45°) (ENTER 7 
In Radian angle mode: 
ENTER 
2942... -.045.. -.031.. 
~.045.. .949.. -.020... 


~.048.. -.005.. .961.. 


sin“ (expression1) = expression 
sin’ (list1) => list 


In Degree angle mode: 
sint(1) (ENTER 


sin“ (expression!) returns the angle whose 


sine is expression] as an expression. 


sin“ (list) returns a list of the inverse sines of 


each element of list. 


In Radian angle mode: 
sint({0,.2,.5}) (ENTER 


90 


{0 .201.. .523...} 


Note: The result is returned as either a 
degree or radian angle, according to the 


current angle mode setting. 
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sin“(squareMatrix1) = squareMatrix 


Returns the matrix inverse sine of 
squareMatrix1. This is not the same as 
calculating the inverse sine of each element. 
For information about the calculation 
method, refer to cos(). 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 
numbers. 


In Radian angle mode and Rectangular 
complex format mode: 


sint([1,5,3;4,2,1;6,-2,1]) 
ENTER 


~.164..- .064..¢i 
725..- 1.515.008 
2.083..- 2.632..¢% 


1.490..- 2.105..-% 
947. .778...8% 
-1.790.41.271i 


sinh(expression1) = expression 
sinh(list1) => list 


sinh (expression!) returns the hyperbolic sine 
of the argument as an expression. 


sinh (list) returns a list of the hyperbolic sines 
of each element of list1. 


sinh(squareMatrix1) = squareMatrix 


Returns the matrix hyperbolic sine of 
squareMatrix1. This is not the same as 
calculating the hyperbolic sine of each 
element. For information about the 
calculation method, refer to cos(). 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 
numbers. 


sinh(1.2) (ENTER 1.509... 
sinh({0,1.2,3.}) (ENTER 
{0 1.509... 10.017...} 


In Radian angle mode: 


sinh([1,5,3;4,2,1;6,-2,1]) 


ENTER 


352.912 233.495 193.564 


360.954 305.708 239.604 
[ 154.599 133.304] 


298.632 


sinh“ (expression1) = expression 
sinh“ (list1) = list 


sinh“ (expression1) returns the inverse 
hyperbolic sine of the argument as an 
expression. 


sinh“ (list1) returns a list of the inverse 
hyperbolic sines of each element of list/. 


sinh (0) (ENTER 0 
sinh1({0,2.1,3}) (ENTER 
{0 1.487... sinh1(3)} 


sinh-(squareMatrixl) = squareMatrix 


Returns the matrix inverse hyperbolic sine of 
squareMatrix1. This is not the same as 
calculating the inverse hyperbolic sine of 
each element. For information about the 
calculation method, refer to cos(). 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 
numbers. 
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In Radian angle mode: 


sinh1((1,5,3;4,2,1;6,~2,1]) 


ENTER 
.041..  2.155.. 0 1.158. 
1.463... .926... Ld? 
2.750.. ~1.528.. .572... 


SinReg list, list2 [, [iterations], [ period] [, list3, list4]] In function graphing mode: 


Calculates the sinusoidal regression and seq(x,x,1,361,30)>L1 [ENTER 
updates all the system statistics variables. {l 31 61 ..3 
3 . ‘ {5.5,8,11,13.5,16.5,19,19.5,17, 

All the lists must have equal dimensions 14.5,12.5,8.5,6.5,5.5}>L2 [ENTER 
except for list4. {5.5 811.3 
list1 represents xiist. SinReg L1,L2 (ENTER Done 
list2 represents ylist. ShowStat [ENTER 
list3 represents category codes. 
list4 represents category include list. STAT VARS 

= 
iterations specifies the maximum number of b 

i =LE.1BiEz 


times (1 through 16) a solution will be 

attempted. If omitted, 8 is used. Typically, 
larger values result in better accuracy but 
longer execution times, and vice versa. 


‘ i i 2 ENTER 
period specifies an estimated period. If 
omitted, the difference between values in regeq(x)>y1(x) [ENTER Done 
list1 should be equal and in sequential order. NewPlot 1,1,L1,L2 [ENTER Done 
If you specify period, the differences between [+] [GRAPH] 
x values can be unequal. F2] 9 


Note: list1 through list3 must be a variable 
name or cl—c99 (columns in the last data 
variable shown in the Data/Matrix Editor). 
list4 does not have to be a variable name and 
cannot be c1-c99. 


The output of SinReg is always in radians, 
regardless of the angle mode setting. 


solve(equation, var) = Boolean expression solve(a*x*2+b* x+c=0, x) (ENTER 
solve(inequality, var) = Boolean expression 


-4-a-c-b 
Returns candidate real solutions of an equation x= SS 


or an inequality for var. The goal is to return 
candidates for all solutions. However, there 


might be equations or inequalities for which the ai -4-a+ctb) 
number of solutions is infinite. or x= >a 
Solution candidates might not be real finite ans(1)| a=1 and b=1 and c=1 
solutions for some combinations of values for ENTER 

undefined variables. Error: Non-real result 
For the AUTO setting of the Exact/Approx mode, solve((x-a)e*(x)=" x* (x-a),X) 
the goal is to produce exact solutions when ENTER 

they are concise, and supplemented by iterative X=a or x=".567... 


searches with approximate arithmetic when 
exact solutions are impractical. 


Due to default cancellation of the greatest (x+1) (x-1)/(x-1)+x- 3 [ENTER 
common divisor from the numerator and Ds ya? 
denominator of ratios, solutions might be ] t 1)=0 ENTER = 1 
solutions only in the limit from one or both SOI eheN ery eter) ‘ 
sides. entry(2)|ans(1) (ENTER undef 
limit(entry(3),x,1) (ENTER 0 
For inequalities of types >, <, <, or >, explicit solve(5x-2 > 2x,x) (ENTER x 22/3 


solutions are unlikely unless the inequality is 
linear and contains only var. 
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For the EXACT setting of the Exact/Approx mode, exact(solve((x-a)e*(x)=" x* 
portions that cannot be solved are returned as (x-a),x)) (ENTER 
an implicit equation or inequality. 


eX +x=0 or x=a 


Use the “I” operator to restrict the solution In Radian angle mode: 

interval and/or other variables that occur in the 

equation or inequality. When you find asolution S01 ve(tan(x)=1/x,x) |x>0 and x<1 
in one interval, you can use the inequality ENTER x =, 860... 
operators to exclude that interval from 

subsequent searches. 


false is returned when no real solutions are solve(x=x+1,x) (ENTER false 
found. true is returned if solve() can determine 

that any finite real value of var satisfies the solve(x=x,x) (ENTER true 
equation or inequality. 

Since solve() always returns a Boolean result, 2x-1<1 and solve(x*2+#9,x) (ENTER 
you can use “and,” “or,” and “not” to combine x<l and x#-3 


results from solve() with each other or with 
other Boolean expressions. 


Solutions might contain a unique new In Radian angle mode: 
undefined variable of the form @nj with 7 being , 

an integer in the interval 1-255. Such variables $0! ve(sin(x)=0,x) (ENTER) x=@nl-nx 
designate an arbitrary integer. 


In real mode, fractional powers having odd solve(x*(1/3)="1,x) [ENTER] x=~1 
denominators denote only the real branch. 

Otherwise, multiple branched expressions such $01 ve((x)="2,x) (ENTER false 
as fractional powers, logarithms, and inverse 

trigonometric functions denote only the solve(-V(x)="2,x) (ENTER x=4 


principal branch. Consequently, solve() 
produces only solutions corresponding to that 
one real or principal branch. 


Note: See also cSolve(), cZeros(), nSolve(), and 


zeros(). 
solve(equation! and equation2 [and ... ], {varOrGuess1,  S olve(y=x*2-2 and 
varOrGuess2 [, ... }}) = Boolean expression x+2y=-1,{x,y]}) (ENTER 
Returns candidate real solutions to the x=1 and y="1 


simultaneous algebraic equations, where or x="3/2 and y=1/4 
each varOrGuess specifies a variable that you 
want to solve for. 


Optionally, you can specify an initial guess 
for a variable. Each varOrGuess must have the 
form: 


variable 
_~or- 
variable = real or non-real number 


For example, x is valid and so is x=3. 
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If all of the equations are polynomials and if 
you do NOT specify any initial guesses, 
solve() uses the lexical Grobner/Buchberger 
elimination method to attempt to determine 
all real solutions. 


For example, suppose you have a circle of 
radius r at the origin and another circle of 
radius r centered where the first circle 


crosses the positive x-axis. Use solve() to find 


the intersections. 


As illustrated by r in the example to the right, 
simultaneous polynomial equations can have 
extra variables that have no values, but 
represent given numeric values that could be 
substituted later. 


You can also (or instead) include solution 
variables that do not appear in the equations. 
For example, you can include z as a solution 
variable to extend the previous example to 
two parallel intersecting cylinders of radius r. 


The cylinder solutions illustrate how families 


of solutions might contain arbitrary constants 


of the form @k, where k is an integer suffix 
from 1 through 255. The suffix resets to 1 
when you use ClrHome or [Fi] 8:Clear Home. 


For polynomial systems, computation time or 


memory exhaustion may depend strongly on 
the order in which you list solution variables. 
If your initial choice exhausts memory or 


your patience, try rearranging the variables in 


the equations and/or varOrGuess list. 


If you do not include any guesses and if any 
equation is non-polynomial in any variable 
but all equations are linear in the solution 
variables, solve() uses Gaussian elimination 
to attempt to determine all real solutions. 


If asystem is neither polynomial in all of its 
variables nor linear in its solution variables, 
solve() determines at most one solution using 
an approximate iterative method. To do so, 
the number of solution variables must equal 
the number of equations, and all other 
variables in the equations must simplify to 
numbers. 
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oot 


solve(x*2+y*2=r*2 and 
(x-r)*2+y*2=r42,{x,y}) 


r 
or x= 5 and y= 7 


solve(x*2+y*2=r*2 and 


(x-r)*2+y*2=r%2,{x,y,Z}) [ENTER 
= r = wr = 
X= > and y= a a and z=@1 
Sad ys Gad poet 
or x= 5 and y= —a and z= 
solve(xte*(z)*y=1 and 
x-y=sin(z),{x,y}) (ENTER 
essin(z)+1 -(sin(z)-1 
a and y= Taps? 


solve(e*(z)*y=1 and 
~y=sin(z),{y,z}) (ENTER 
y=.041.. and z=3.183... 
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Each solution variable starts at its guessed 
value if there is one; otherwise, it starts at 
0.0. 


Use guesses to seek additional solutions one 
by one. For convergence, a guess may have 
to be rather close to a solution. 


SortA listName]|[, listName?2] [, listName3] ... 
SortA vectorNamel|[, vectorName?] [, vectorName3] ... 


Sorts the elements of the first argument in 
ascending order. 


If you include additional arguments, sorts the 
elements of each so that their new positions 
match the new positions of the elements in 
the first argument. 


All arguments must be names of lists or 
vectors. All arguments must have equal 
dimensions. 


SortD listName][, listName2] [, listName3] ... 
SortD vectorNamel[,vectorName 2] [,vectorName 3] ... 


Identical to SortA, except SortD sorts the 
elements in descending order. 


vector Sphere 


Displays the row or column vector in 
spherical form [p 28 26]. 


vector must be of dimension 3 and can be 
either a row or a column vector. 


Note: >Sphere is a display-format instruction, 
not a conversion function. You can use it 
only at the end of an entry line. 


stdDev(list[, freqlist]) = expression 


Returns the standard deviation of the 
elements in list. 


Each freqlist element counts the number of 
consecutive occurrences of the 
corresponding element in List. 


Note: list must have at least two elements. 
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solve(e*(z)*y=1 and 


-y=sin(z) 


2,1,4,3}>l]ist1 (ENTER 
SortA 1ist1 [ENTER 


»{y,z=2n}) (ENTER 


y=.001.. and z=6. 281... 


ist1 (ENTER 


4,3,2,1}>list2 [ENTER 
SortA list2,list1 (ENTER 


ist2 (ENTER 


ist1 [ENTER 


2,1,4,3}>1istl (ENTER 
1,2,3,4}>1ist2 [ENTER 
SortD list1,list2 [ENTER 


ist1 [ENTER 


ist2 [ENTER 


»2,3]>Sp 


¢ 


stdDev({a, 


stdDev({1,2,5,-6,3,~2}) 


here 


Tt 


ENTER] [V13 4a Zcos1( 


b,c} >) (ENTER 


estdDewl (1 


2 5 -6 dF 


stdDev({1. 


ENTER 


3,2.5,-6.4 


2,1,4,3 

Done 
3 4 
21 
Done 


wpm 


3 4 
2.1 


Sl 


ENTER] [3.741... 21.107... 2.640...] 


[2,2Zn/4,3]>Sphere 
*J(ENTER]) [3.605... 2.785... 2.588...] 


3+ 13 
BZ] 


ENTER 


»{3,2,5}) 


4.33345 


stdDev(matrix1[, freqmatria]) 


=> matrix 


Returns a row vector of the standard 
deviations of the columns in matrix1. 


Each freqmatrix element counts the number 
of consecutive occurrences of the 
corresponding element in matria1. 


Note: matrix1 must have at least two rows. 


stdDev([1,2,5;-3,0,1;.5,.7,3]) 
ENTER 


[2.1792 1,014. 2] 


stdDev([-1.2,5.3;2.5,7.3;6,-4], 
[4,2;3,3;1,7]) (ENTER 
[2.7005,5.44695] 


StoGDB GDBvar 


Creates a Graph database (GDB) variable 
that contains the current: 


* 


Graphing mode 

* Y= functions 

* Window variables 

Graph format settings 

1- or 2-Graph setting (split screen and ratio 
settings if 2-Graph mode) 

Angle mode 

Real/complex mode 

Initial conditions if Sequence or 
Diff Equations mode 

* Table flags 

tblStart, Atbl, tblInput 


OX 


* 


* 


* 


* 


You can use ReclIGDB GDBvar to restore the 
graph environment. 


*Note: These items are saved for both graphs 


in 2-Graph mode. 


Stop 


Used as a program instruction to stop 
program execution. 


Program segment: 


For i1,1,10,1 
If i=5 
Stop 

EndFor 


StoPic picVar [, pxlRow, pxlCol] [, width, height] 


Displays the graph screen and copies a 
rectangular area of the display to the variable 
picVar. 


pxlRow and pxlCol, if included, specify the 


upper-left corner of the area to copy (defaults 


are 0, 0). 


width and height, if included, specify the 
dimensions, in pixels, of the area. Defaults 
are the width and height, in pixels, of the 
current graph screen. 
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ENTER 


string(expression) => string string(1.2345) 


Simplifies expression and returns the resultas string(1+2) [ENTER 


a character string. 


string(cos(x)+V¥(3)) 


"1.2345" 


"gn 


ENTER 


"cos(x 


)+¥(3)" 
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Style equanum, stylePropertyString Style 1,"thick" 


Sets the system graphing function equanumin Style 10,"path" 
the current graph mode to use the graphing 
property stylePropertyString. 


equanum must be an integer from 1-99 and 


the function must already exist. and y10(x) to "Path". 


stylePropertyString must be one of: "Line", 
"Dot", "Square", "Thick", "Animate", "Path", 
"Above", or "Below". 


Note that in parametric graphing, only the at 
half of the pair contains the style 
information. 


Valid style names vs. graphing mode: 


Function: all styles 

Parametric/Polar: line, dot, square, thick, 
animate, path 

Sequence: line, dot, square, thick 

3D: none 

Diff Equations: _ line, dot, square, thick, 
animate, path 


Note: Capitalization and blank spaces are 
optional when entering stylePropertyString 


ENTER 


ENTER 


Done 


Done 


Note: In function graphing mode, these 
examples set the style of y1(x) to "Thick" 


names. 
subMat(matrix1|[, startRow] [, startCol] [, endRow] [1,2,3;4,5,6;7,8,9]>ml (ENTER 
[, endCol]) => matrix 123 
456 
Returns the specified submatrix of matria1. E 8 | 
Defaults: startRow=1, startCol=1, endRow=last SNE aiid Cale) EER 
row, endCol=last column. fe ; J 


subMat(ml,2,2) 


ENTER 


sum(list[, start[, end]]) => expression sum({1,2,3,4,5}) [ENTER 15 
Returns the sum of the elements in list. sum({a,2a,3a}) (ENTER 6-a 
Start and end are optional. They specify a sum(seq(n,n,1,10)) (ENTER 55 

range of elements. eet 
sum({1,3,5,7,9},3) (ENTER 21 


Appendix A: Functions and Instructions 


switch([integer1]) => 


matria1t 


sum(matrix1[, start[, end]]) = matrix 


Returns a row vector containing the sums of 
the elements in the columns in matrix1. 


Start and end are optional. They specify a 
range of rows. 


integer 


Returns the number of the active window. 
Also can set the active window. 


Note: Window 1 is left or top; Window 2 is 
right or bottom. 


If integer1 = 0, returns the active window 
number. 


If integer1 = 1, activates window 1 and 
returns the previously active window 
number. 


If integer1 = 2, activates window 2 and 
returns the previously active window 
number. 


If integer1 is omitted, switches windows and 
returns the previously active window 
number. 


integer1 is ignored if the TI-89 / TI-92 Plus is not 


displaying a split screen. 


=> matrix 


Returns the complex conjugate transpose of 
matrix. 
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sum({1,2,3;4,5,6]) (ENTERI[5 7 9] 


sum([1,2,3;4,5,6;7,8,9]) (ENTER 
[12 15 18] 


sum([1,2,3;4,5,6;7,8,9],2,3) 


ENTER 


[11,13,15] 


Fer |[Fo~[ Fue | FE Fe~ 
wWebraplate|Other|PrarmlO}C lean Ue 


suitche 
MaIM RAD AUTO FUNC 1/20 


switch( ) (ENTER 


MAIN, RAD AUTO FUNC 


[1,2,3;4,5,6;7,8,9]>mat1 (ENTER 


rl 23 
45 | 
L7 8 9 
mat1! (ENTER 
rl 47 
25 | 
L3 6 9 
ab 
La,b;c,d]>mat2 (ENTER [e ql] 
mat2! (ENTER Lh eal 
[1+é, 2+; 3+i,4+i]>mat3 (ENTER 
1+i 2+i 
C347 ail 
: 1-i 3-i 
mat31 (ENTER [oy gq] 
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Table expression 1[, expression2] [, varl] In function graphing mode. 


Builds a table of the specified expressions or Table 1.25x*cos(x) (ENTER 
functions. 


The expressions in the table can also be 
graphed. Expressions entered using the Table 
or Graph commands are assigned increasing 
function numbers starting with 1. The 
expressions can be modified or individually 
deleted using the edit functions available Table cos(time) ,time (ENTER 
when the table is displayed by pressing 

F4] Header. The currently selected functions in 
the Y= Editor are temporarily ignored. 


To clear the functions created by Table or 
Graph, execute the ClrGraph command or 
display the Y= Editor. 


If the var parameter is omitted, the current 
graph-mode independent variable is 
assumed. Some valid variations of this 
instruction are: 


Function graphing: Table expr, x 
Parametric graphing: Table vExpr, yExpr, t 
Polar graphing: Table expr, 8 
Note: The Table command is not valid for 


3D, sequence, or diff equations graphing. As 
an alternative, you may want to use BldData. 


tan(expressionl1) = expression In Degree angle mode: 
tan(list1) => list 


tan((2/4)" ) (ENTER 


tan(expression1) returns the tangent of the 
argument as an expression. tan(45) [ENTER 


tan(list1) returns a list of the tangents of all tan({0,60,90} ) (ENTER 
elements in list1. {0 V3 undef 


Note: The argument is interpreted as either a 
degree or radian angle, according to the 
current angle mode. You can use ° or ' to tan(n/4) 
override the angle mode temporarily. 


In Radian angle mode: 


ENTER 


tan(45°) (ENTER 


tan({x,2/3,-n,7/4} ) [ENTER 
{0 3 01 


tan(squareMatrix1) = squareMatrix In Radian angle mode: 


Returns the matrix tangent of squareMatriv1. tan([1,5,3;4,2,1;6,~2,1]) [ENTER 
This is not the same as calculating the 

tangent of each element. For information ~28.291.. 26.088. 11.114... 
about the calculation method, refer to cos(). 12.117... -7.835... ~5.481... 


36.818... ~32.806.. ~10.459.. 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 
numbers. 


510 Appendix A: Functions and Instructions 


tan‘ (expressionl1) = expression 
tan‘ (list1) = list 


tan“! (expression1) returns the angle whose 
tangent is expression1 as an expression. 


tan-| (list1) returns a list of the inverse 
tangents of each element of list1. 


Note: The result is returned as either a 
degree or radian angle, according to the 
current angle mode setting. 


tan-\(squareMatrix1) = squareMatrix 


Returns the matrix inverse tangent of 
squareMatrix1. This is not the same as 
calculating the inverse tangent of each 
element. For information about the 
calculation method, refer to cos(). 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 
numbers. 


In Degree angle mode: 


tan-1(1) (ENTER 45 


In Radian angle mode: 


tan1({0, 


.2,.5)}>) (ENTER 
{0 .197... 


-463...} 


In Radian angle mode: 


tant([1,5,3;4,2,1;6,-2,1]) 
ENTER 


~.083.. 1.266. .622... 
-748.. — . 630... ~.070... 
1.686.. ~1.182.. .455.. 


tanh(expression1) = expression 
tanh(list1) => list 


tanh(expression1) returns the hyperbolic 
tangent of the argument as an expression. 


tanh(ist) returns a list of the hyperbolic 
tangents of each element of list1. 


tanh(squareMatrix1) = squareMatrix 


Returns the matrix hyperbolic tangent of 
squareMatrix1. This is not the same as 
calculating the hyperbolic tangent of each 
element. For information about the 
calculation method, refer to cos(). 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 
numbers. 


tanh(1.2) (ENTER »833:.. 


tanh({0,1}) (ENTER {0 tanh(1)} 


In Radian angle mode: 


tanh([1,5,3;4,2,1;6,~2,1]) 
ENTER 


~.097..  .933.. 425... 
-488.. . 538... ~.129... 
1.282... ~ 1.034... .428.. 


tanh" (expression1) = expression 
tanh" (list1) = list 


tanh-1 (expression1) returns the inverse 
hyperbolic tangent of the argument as an 
expression. 


tanh+ (Jist1) returns a list of the inverse 
hyperbolic tangents of each element of lis¢1. 


In rectangular complex format mode: 


Oo 


tanh-1 (0) (ENTER 


tanh1({1,2.1,3}) (ENTER 


foo .518..-1.570..08 25. iy 
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tanh"\(squareMatrizl) => squareMatrix 


Returns the matrix inverse hyperbolic 
tangent of squareMatrix1. This is not the same 
as calculating the inverse hyperbolic tangent 
of each element. For information about the 
calculation method, refer to cos(). 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 
numbers. 


In Radian angle mode and Rectangular 
complex format mode: 


tanh-1([1,5,3;4,2,1;6,-2,1]) 
ENTER 


~.099.4.164..0%  .267..- 1.49068 
~.087.- 2725.06 479-947 i 
-51L- 2.08366  - .878.41.790..0% 
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taylor(expression1, var, order[, point]) = expression 


Returns the requested Taylor polynomial. 
The polynomial includes non-zero terms of 
integer degrees from zero through order in 
(var minus point). taylor() returns itself if 
there is no truncated power series of this 
order, or if it would require negative or 
fractional exponents. Use substitution and/or 
temporary multiplication by a power of 

(var minus point) to determine more general 
power series. 


point defaults to zero and is the expansion 
point. 


tCollect(expressionl1) = expression 


Returns an expression in which products and 
integer powers of sines and cosines are 
converted to a linear combination of sines 
and cosines of multiple angles, angle sums, 
and angle differences. The transformation 
converts trigonometric polynomials into a 
linear combination of their harmonics. 


Sometimes tCollect() will accomplish your 
goals when the default trigonometric 
simplification does not. tCollect() tends to 
reverse transformations done by tExpand(). 
Sometimes applying tExpand() to a result 
from tCollect(), or vice versa, in two separate 
steps simplifies an expression. 
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taylor(e*(V(x)),x,2) (ENTER 
taylor(e*(t),t,4) | t= (x) [ENTER 
mtaylorlel®, x, 2] 
taylorlel™,x, 2,8] 
staulorlet,t.4][t =k 
area +$+feel 
taylor(1/(x* (x-1)),x,3) (ENTER 


1 
. tauler[W- x 3] 


taulor| aay Mads a] 


xc 


expand(taylor(x/(x*(x-1)), 
X,4)/x,x) (ENTER 


taulor[ ay x 
. = L ‘3 
© expand ae 


tCollect((cos(a))*2) (ENTER 
cos(2*a)+1 


2 
tCollect(sin(a)cos(B) ) (ENTER 
sin(a-B)+sin(atp) 

2 


tExpand(expression1) = expression 


Returns an expression in which sines and 
cosines of integer-multiple angles, angle 
sums, and angle differences are expanded. 
Because of the identity (sin(x))?+(cos(x))?=1, 
there are many possible equivalent results. 
Consequently, a result might differ from a 
result shown in other publications. 


Sometimes tExpand() will accomplish your 
goals when the default trigonometric 
simplification does not. tExpand() tends to 
reverse transformations done by tCollect(). 
Sometimes applying tCollect() to a result from 
tExpand(), or vice versa, in two separate steps 
simplifies an expression. 


Note: Degree-mode scaling by 1/180 
interferes with the ability of tExpand() to 
recognize expandable forms. For best results, 
tExpand() should be used in Radian mode. 


tExpand(sin( 30) ) (ENTER 
4+-sin(o)+ (cos( 


))2-sin(o) 


tExpand(cos(a-f) ) (ENTER 
cos(a)+cos(B)+sin(a)+ sin(B) 


Text promptString 


Displays the character string promptString 
dialog box. 


If used as part of a Dialog...EndDlog block, 
promptString is displayed inside that dialog 
box. If used as a standalone instruction, Text 
creates a dialog box to display the string. 


Title titleString, [Lbl] 


Creates the title of a pull-down menu or 
dialog box when used inside a Toolbar or 
Custom construct, or a Dialog...EndDlog 
block. 


Note: Lbi is only valid in the Toolbar 
construct. When present, it allows the menu 
choice to branch to a specified label inside 
the program. 
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ENTER 


Text "Have a nice day.” 


Done 
( 


Have anice day, 


Enter=ok 


Program segment: 


Dialog 

Title "This is a dialog 
box" 

:Request "Your name",Strl 
:Dropdown "Month you were 
born", 


seq(string(i),i,1,12),Varl 
:EndDlog 


This is 9 digtod box 


Your name: 


Month vou were born 1+ 


ESCeCANCEL 
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tmpCnv(expression1_‘tempUnit1, _°tempUnit2) tmpCnv(100_°c,_°f) [ENTER] 212.+_°F 
=> expression _“tempUnit2 


tmpCnv(32_°f, °c) (ENTER 0.+_°C 


Converts a temperature value specified by 
expression1 from one unit to another. Valid tmpCnv(0_°c, °k) (ENTER) 273.15+ °K 
temperature units are: 


tmpCnv(0_°f,_°r) [ENTER] 459.67+-_°R 


°C Celsius 
_°F Fahrenheit 
°K Kelvin ‘ 
“oR Rankine aki : on temperature units from a 
L_For °, press [2nd] [°]. 
TI-89: For _, press [+] [_]. TI-89: [2nd] [UNITS] 
TI-92 Plus: For _, press [2nd] [_]. TI-92 Plus: [+] [UNITS] 


For example, 100_°C converts to 212_°F: 


0 100 


To convert a temperature range, use 
AtmpCnv() instead. 


AtmpCnv(expression1_“tempUnitl, _‘tempUnit2) To get A, you can press [¢] [() [#] [D] 
=> expression _“tempUnit2 (or 2nd} [CHAR] 1 5). 
Converts a temperature range (the difference AtmpCnv(100_°c,_°f) [ENTER 
between two temperature values) specified 180.+°_°F 
by expression1 from one unit to another. Valid 
temperature units are: AtmpCnv(180_°f, °c) (ENTER 
°C Celsius 100.+_°C 
=°R Fahrenheit 
“°K Kelvin AtmpCnv(100_°c,_°k) [ENTER 
_°R Rankine 100.+_°K 
L_Fore : 
For sprees aa) |] AtmpCnv(100_°f,_°r) (ENTER 


TI-89: For_, press +) (-]. 
TI-92 Plus: For _, press [2nd] [_]. 100.+*_°R 


1_°C and 1_°K have the same magnitude, as AtmpCnv(1_°c,_°f) {ENTER 
do 1_°F and 1_°R. However, 1_°C is 9/5 as 1.8+ °F 
large as 1_°F. ~ 


Note: To select temperature units from a 
menu, press: 


TI-89: [2nd] [UNITS] 
TI-92 Plus: [¢] [UNITS] 


For example, a 100_°C range (from 0_°C to 
100_°C) is equivalent to a 180_°F range: 


i 100°C 


0 100 
—_t——_—+—> C6 
: : oF 


To convert a particular temperature value 
instead of a range, use tmpCnv(). 
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Toolbar 
block 
EndTBar 


Creates a toolbar menu. 


block can be either a single statement or a 
sequence of statements separated with the “:” 
character. The statements can be either Title 


or Item. 


Items must have labels. A Title must also have 
a label if it does not have an item. 


Program segment: 


:Toolbar 
Title "Examples" 
Item "Trig", t 
Item "Calc", c 
Item "Stop", Pexit 
:EndTbar 


Note: When run in a program, this 
segment creates a menu with three 
choices that branch to three places in the 
program. 


Trace 


Draws a Smart Graph and places the trace 
cursor on the first defined Y= function at the 
previously defined cursor position, or at the 
reset position if regraphing was necessary. 


Allows operation of the cursor and most keys 
when editing coordinate values. Several keys, 
such as the function keys, [APPS], and [MODE], 
are not activated during trace. 


Note: Press (ENTER 


to resume operation. 


Try 
block1 
Else 
block2 
EndTry 


Executes block1 unless an error occurs. 
Program execution transfers to block2 if an 
error occurs in block1. Variable errornum 
contains the error number to allow the 
program to perform error recovery. 


block1 and block2 can be either a single 
statement or a series of statements separated 
with the “:” character. 
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Program segment: 


:Try 
NewFold(temp ) 
Else 

@Already exists 


CIFErr 
:EndTry 


Note: See ClrErr and PassErr. 
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TwoVar list1, list2[, [list3] [, list4, list5]] 


Calculates the TwoVar statistics and updates 
all the system statistics variables. 


All the lists must have equal dimensions 
except for list5. 


list1 represents xlist. 

list2 represents ylist. 

list3 represents frequency. 

list4 represents category codes. 

list5 represents category include list. 


Note: list1 through list4 must be a variable 
name or cl—c99 (columns in the last data 
variable shown in the Data/Matrix Editor). 
list5 does not have to be a variable name and 
cannot be c1-c99. 


Unarchiv var [, var2] [, var3] ... 


Moves the specified variables from the user 
data archive memory to RAM. 


You can access an archived variable the same 
as you would a variable in RAM. However, 
you cannot delete, rename, or store to an 
archived variable because it is locked 
automatically. 


To archive variables, use Archive. 


unitV(vector1) = vector 


Returns either a row- or column-unit vector, 
depending on the form of vector1. 


vector1 must be either a single-row matrix or 
a single-column matrix. 


Unlock var1[, var2][, var3]... 


Unlocks the specified variables. 


Note: The variables can be locked using the 
Lock command. 
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{0,1,2,3,4,5,6}>L1 (ENTER 


{0 1 2 ...} 
{0,2,3,4,3,4,6}>L2 (ENTER 
{0 2 3 ..} 
TwoVar L1,L2 (ENTER Done 
ShowStat [ENTER 
fo svaTvarRs 
R =F. 
F =3.142057 
=x Fel. 
Ex =81. 
Ey sre. 
Ey =o0, 
=xy =Ha. 
Bd ve.denes? 
we =1.B644E4 
nSkat =F. 
mink =0, 
mint =. 
mat =6. 
mast =e. 
EntersOk 


10>arctest (ENTER 
Archive arctest [ENTER 
5*arctest (ENTER 
15>arctest [ENTER 


ERROR 


Mariab le is lockeds Frotecteds or 
rs 


archi 


ESCECAMCEL 


ESC 
Unarchiv arctest [ENTER 
15>arctest (ENTER 


unitV([a,b,c]) (ENTER 
[ a b 


Done 


aé¢+D¢ +c a+ +D4 +c 


unitV([1,2,1]) (ENTER 


oe 


unitV([1;2;3]) (ENTER 


a? +D¢ +c 


V6 6 
= Gl 


variance(lisi[, freqlist]) = expression variance({a,b,c}) (ENTER 
a2-a+ (b+c)+b2-b+ ctc2 
Returns the variance of list. ( : 
Each freqlist element counts the number of F 
consecutive occurrences of the variance({1,2,5,~6,3,~2}) (ENTER 
corresponding element in list. 31/2 


Note: list must contain at least two elements. variance({1,3,5},{4,6,2}) [ENTER 


variance(matrix1[, freqgmatriz]) = matrix variance([1,2,5;~-3,0,1; 


-5,.7,3]) (ENTER [4.75 1.03 4] 


Returns a row vector containing the variance 


of each column in matri«1. variance([-1.1,2.2;3.4,5.1; 
-2.3,4.3],[6,3;2,4;5,1]) [ENTER 
Each freqmatrix element counts the number [3.91731,2.08411] 


of consecutive occurrences of the 
corresponding element in matrix1. 


Note: matrix1 must contain at least two 
rows. 


when(condition, trueResult [, falseResult] 
[, unknownResult]) = expression 


Returns trueResult, falseResult, or 
unknownResult, depending on whether 
condition is true, false, or unknown. Returns 
the input if there are too few arguments to 
specify the appropriate result. 


Omit both falseResult and unknownResult to when(x<0,x+3) | x=5 (ENTER 

make an expression defined only in the when(x<0,3+x) 
region where condition is true. 

Use an undef falseResult to define an Cl rGraph (ENTER 

expression that graphs only on an interval. Graph when(x2-m and 


x<0,x+3,undef ) (ENTER 


Omit only the unknownResult to define atwo- Graph when(x<0,x+3,5-x*2) (ENTER 
piece expression. 
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Nest when() to define expressions that have 
more than two pieces. 


when() is helpful for defining recursive 
functions. 


TI-89: [HOME 
TI-92 Plus: [¢] [HOME] 


Cl rGraph (ENTER 


Graph when(x<0,when(x<~z, 


4* sin(x),2x+3),5-x%2) 


Done 


ENTER 


when(n>0,n* factoral (n-1),1) 


>factoral (n) [ENTER 
factoral (3) (ENTER 


3! [ENTER 


Done 
6 


6 
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While condition 
block 
EndWhile 


Executes the statements in block as long as 
condition is true. 


block can be either a single statement or a 
sequence of statements separated with the “:” 
character. 


Boolean expression1 xor Boolean expression2 => 
Boolean expression 


Returns true if Boolean expression! is true and 
Boolean expression? is false, or vice versa. 
Returns false if Boolean expression! and 
Boolean expression2 are both true or both 
false. Returns a simplified Boolean 
expression if either of the original Boolean 
expressions cannot be resolved to true or 
false. 


Note: See or. 
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Program segment: 


i134 

:0>temp 

:While i<=20 
temp+1/i>temp 
j+1>i 

:EndWhile 


:Disp "sum of reciprocals up to 


20",temp 


true xor true [ENTER 


(5>3) xor (3>5) (ENTER 


integer1 xor integer2 = integer In Hex base mode: 


Compares two real integers bit-by-bit using Oh7AC36 xor Oh3D5F [ENTER] 0h79169 
an xor operation. Internally, both integers are 
converted to signed, 32-bit binary numbers. 
When corresponding bits are compared, the 
result is 1 if either bit (but not both) is 1; the In Bin base mode: 

result is 0 if both bits are 0 or both bits are 1. 

The returned value represents the bit results, OELOOLOL xor O10 (EMERODLOODO 
and is displayed according to the Base mode. 


L Important: Zero, not the letter O. 


Note: A binary entry can have up to 32 
You can enter the integers in any number digits (not counting the Ob prefix). A 
base. For a binary or hexadecimal entry, you hexadecimal entry can have up to 8 digits. 
must use the 0b or Oh prefix, respectively. 

Without a prefix, integers are treated as 

decimal (base 10). 


If you enter a decimal integer that is too large 
for a signed, 32-bit binary form, a symmetric 
modulo operation is used to bring the value 
into the appropriate range. 


Note: See or. 


XorPic picVar|, row] [, column] 


Displays the picture stored in picVar on the 
current Graph screen. 


Uses xor logic for each pixel. Only those pixel 
positions that are exclusive to either the 
screen or the picture are turned on. This 
instruction turns off pixels that are turned on 
in both images. 


picVar must contain a pic data type. 


row and column, if included, specify the pixel 
coordinates for the upper left corner of the 
picture. Defaults are (0, 0). 


zeros(expression, var) => list zeros(a*x*2+b* x+c,x) (ENTER 
Returns a list of candidate real values of var 3 (for Tas c-tb) a Taec-b 
that make expression=0. zeros() does this by { an az } 
computing 
expPlist(solve(expression=0,var), var). ax XA2+b* X+C | x=ans(1)[2] [ENTER] 0 
For some purposes, the result form for exact (zeros (ax (e*(x)+x) 
zeros() is more convenient than that of (sign (x)-1),xX)) (ENTER {} 
solve(). However, the result form of zeros() 
cannot express implicit solutions, solutions exact (solve(a* (e*(x)+x) 
that require inequalities, or solutions that do (sign (x)-1)=0,x)) (ENTER 
not involve var. eX+x=0 or x>0 or a=0 


Note: See also cSolve(), cZeros(), and solve(). 
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zeros({expression1, expression2}, {varOrGuess1, 
varOrGuess2 [,... }}} = matrix 


Returns candidate real zeros of the 
simultaneous algebraic expressions, where 
each varOrGuess specifies an unknown whose 
value you seek. 


Optionally, you can specify an initial guess 
for a variable. Each varOrGuess must have the 
form: 


variable 
—or-— 
variable = real or non-real number 


For example, x is valid and so is x=3. 


If all of the expressions are polynomials and 
if you do NOT specify any initial guesses, 
zeros() uses the lexical Grébner/Buchberger 
elimination method to attempt to determine 
all real zeros. 


For example, suppose you have a circle of 
radius r at the origin and another circle of 
radius r centered where the first circle 
crosses the positive x-axis. Use zeros() to find 
the intersections. 


As illustrated by r in the example to the right, 
simultaneous polynomial expressions can 
have extra variables that have no values, but 
represent given numeric values that could be 
substituted later. 


Each row of the resulting matrix represents 
an alternate zero, with the components 
ordered the same as the varOrGuess list. To 
extract a row, index the matrix by [row]. 


You can also (or instead) include unknowns 
that do not appear in the expressions. For 
example, you can include z as an unknown to 
extend the previous example to two parallel 
intersecting cylinders of radius r. The 
cylinder zeros illustrate how families of zeros 
might contain arbitrary constants in the form 
@k, where k is an integer suffix from 1 
through 255. The suffix resets to 1 when you 
use ClrHome or [F1] 8:Clear Home. 


Appendix A: Functions and Instructions 


od 


zeros ({x*2+y%2=re2, 


(x-r)*2+y*2-r*2},{xsy}) 


Extract row 2: 


ans(1)[2] 


ENTER 


zeros({x*2+y*2-r2, 
(x-r)*2+y%2- 1742} ,{xX,y,Z}) 


DMIs P35 


ENTER 
r wer 
2 2 
r wer 
2 2 
po 
2 2 
ENTER 
wer 
5 @1 
- eer 
5 @1 


For polynomial systems, computation time or 


memory exhaustion may depend strongly on 


the order in which you list unknowns. If your 


initial choice exhausts memory or your 
patience, try rearranging the variables in the 
expressions and/or varOrGuess list. 


If you do not include any guesses and if any 
expression is non-polynomial in any variable 
but all expressions are linear in the 
unknowns, zeros() uses Gaussian elimination 
to attempt to determine all real zeros. 


If asystem is neither polynomial in all of its 
variables nor linear in its unknowns, zeros() 
determines at most one zero using an 
approximate iterative method. To do so, the 
number of unknowns must equal the number 
of expressions, and all other variables in the 
expressions must simplify to numbers. 


Each unknown starts at its guessed value if 
there is one; otherwise, it starts at 0.0. 


Use guesses to seek additional zeros one by 
one. For convergence, a guess may have to 
be rather close to a zero. 


Displays the Graph screen, lets you draw a 
box that defines a new viewing window, and 
updates the window. 
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zeros({xte*(z)*y-1,x-y-sin(z)} 


»{X,y}) (ENTER 
ezesin(z)+1 ~-(sin(z)-1) 
| e+] etl | 


zeros({e*(z)*y-1, -y-sin(z)}, 
{y,z}) (ENTER 


[.041.. 3.183..] 


zeros({e*(z)*y-1,-y-sin(z)}, 
{y,z=2n}) [ENTER 


[.001.. 6.281..] 


ZoomBox 


In function graphing mode: 
1.25x* cos(x)>y1(x) (ENTER 
ZoomStd: ZoomBox [ENTER 


1st corner 
i ee 2nd corner 


2rd Corner? 
xCT2.535165 


Done 


wot 72, 10526 


The display after defining ZoomBox by 
pressing [ENTER] the second time. 
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ZoomData In function graphing mode: 
Adjusts the window settings based on the {1,2,3,4}>L1 [ENTER {1 23 4} 
currently defined plots (and data) so that all {2,3,4,5}>L2 [ENTER {2 3 4 5} 
statistical data points will be sampled, and newPlot 1,1,L1,L2 (ENTER Done 
displays the Graph screen. ZoomStd [ENTER 


Note: Does not adjust ymin and ymax for 
histograms. 


TI-89: (HOME 
TI-92 Plus: [¢] [HOME] 
ZoomData [ENTER 


ZoomDec In function graphing mode: 


Adjusts the viewing window so that Ax and 1.25x* cos(x)>y1(Xx) (ENTER Done 
Ay = 0.1 and displays the Graph screen with ZoomStd [ENTER 
the origin centered on the screen. 


TI-89: (HOME 
TI-92 Plus: [¢] [HOME] 
ZoomDec [ENTER 
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ZoomFit In function graphing mode: 
ENTER Done 


Displays the Graph screen, and calculates the 1.25x* cos(x)>y1(x) 
necessary window dimensions for the ZoomStd [ENTER 
dependent variables to view all the picture 

for the current independent variable settings. 


TI-89: [HOME 
TI-92 Plus: [¢] [HOME] 


ZoomFit (ENTER 


Zoomin In function graphing mode: 
Displays the Graph screen, lets you set a 1.25x*cos(x)>y1(x) (ENTER Done 
center point for a zoom in, and updates the ZoomStd:ZoomIn [ENTER 


viewing window. 


The magnitude of the zoom is dependent on 
the Zoom factors xFact and yFact. In 3D Graph 
mode, the magnitude is dependent on xFact, 
yFact, and zFact. 


New Center? 
xcig. 


ENTER 


Zoomint In function graphing mode: 
Displays the Graph screen, lets you set a 1.25x*cos(x)>y1(x) (ENTER Done 
center point for the zoom, and adjusts the ZoomStd:ZoomInt {ENTER 


window settings so that each pixel is an 
integer in all directions. 
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ZoomOut In function graphing mode: 


Displays the Graph screen, lets you set a 1.25x*cos(x)>y1(Xx) (ENTER Done 
center point for a zoom out, and updates the = Z799mStd:ZoomOut [ENTER 
viewing window. 


The magnitude of the zoom is dependent on 
the Zoom factors xFact and yFact. In 3D Graph 
mode, the magnitude is dependent on xFact, 
yFact, and zFact. 


Hew Center? 
soig. 


ENTER 


ZoomPrev 


Displays the Graph screen, and updates the 
viewing window with the settings in use 
before the last zoom. 


ZoomRcl 


Displays the Graph screen, and updates the 
viewing window using the settings stored 
with the ZoomSto instruction. 


ZoomSqr In function graphing mode: 


Displays the Graph screen, adjusts the xory 1.25x*cos(x)>y1(x) (ENTER Done 
window settings so that each pixel represents 79 9mStd (ENTER 
an equal width and height in the coordinate 
system, and updates the viewing window. 


In 3D Graph mode, ZoomSaqr lengthens the 
shortest two axes to be the same as the 
longest axis. 


HOME 
ZoomSqr (ENTER 
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ZoomStd In function graphing mode: 
Sets the window variables to the following 1.25x*cos(x)>y1(x) (ENTER Done 
standard values, and then updates the ZoomStd [ENTER 


viewing window. 


Function graphing: 

x:[- 10, 10, 1], y:[- 10, 10, 1] and xres=2 
Parametric graphing: 

t: (0, 2m, 1/24], x: [- 10, 10, 1], y-[- 10, 10, 1] 


Polar graphing: 
6: [0, 2x, 1/24], x: [- 10, 10, 1], y:[- 10, 10, 1] 


Sequence graphing: 
nmin=1, nmax=10, plotStrt=1, plotStep=1, 
x: [7 10, 10, 1], y: [> 10, 10, 1] 


3D graphing: 

eyed°=20, eyed°=70, eyew°=0 

x:[- 10, 10, 14], y:[- 10, 10, 14], 

z:[- 10, 10], ncontour=5 

Differential equations graphing: 

t: [0, 10, .1, 0], x: [- 1, 10, 1], y: [- 10, 10, 1], 
ncurves=0, Estep=1, diftol=.001, fldres=14, 
dtime=0 


ZoomSto 


Stores the current Window settings in the 
Zoom memory. You can use ZoomRcl to 
restore the settings. 


ZoomtTrig In function graphing mode: 
Displays the Graph screen, sets Ax to 1/24, 1.25x*cos(x)>y1(Xx) (ENTER Done 
and xscl to 7/2, centers the origin, sets the y ZoomStd [ENTER 
settings to [- 4, 4, .5], and updates the viewing 
window. 
TI-89: [HOME 
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expression1 + expression = expression 56 (ENTER 56 
+. 
Returns the sum of expression! and aS) 62 EMER G0 
expression2. ans(1)+4 [ENTER 64 
ans(1)+4 [ENTER 68 
ans(1)+4 [ENTER 72 
list] + ist2 => list {22,n,n/2}>L1 (ENTER {22 n n/2} 
matrix] + matrix = matrix {10,5,2/2}>L2 (ENTER {10 5 2/2} 
Returns a list (or matrix) containing the sums L1+L2 [ENTER {32 +5 1} 
of corresponding elements in list/ and list2 
(or matrix1 and matrix2). ans(1)+{x,~5,~ 7} (ENTER 
‘ : {m+32 mn 0} 
Dimensions of the arguments must be equal. 
Ca,b;c,d]+[1,0;0,1] (ENTER 
atl b 
c d+1d 
expression + listl = list 15+{10,15,20} (ENTER {25 30 35} 
listl + expression = list 
{10,15,20}+15 (ENTER {25 30 35} 
Returns a list containing the sums of 
expression and each element in list1. 
expression + matrix! => matrix 20+[1,2;3,4] (ENTER 
matrixl + expression => matrix ae 
Returns a matrix with expression added to [ 3 24 ] 


each element on the diagonal of matrix1. 
matrix1 must be square. 


Note: Use .+ (dot plus) to add an expression 
to each element. 


expression1 - expression => expression 


Returns expression1 minus expression2. 


listl-list2 => list 
matrixl -matrix2 => matrix 


Subtracts each element in list2 (or matrix2) 
from the corresponding element in list1 (or 
matrix1), and returns the results. 


Dimensions of the arguments must be equal. 


list 
list 


expression -listl > 
listl - expression => 


Subtracts each list1 element from expression 
or subtracts expression from each list1 
element, and returns a list of the results. 
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6- 2 (ENTER 


m- 1/6 


ENTER 


{22,2,n/2}-{10,5,2/2} 


(3,4]-[1,2] (EN 


ER 


15- {10,15,20} 
{10,15,20}-15 


ENTER 


ENTER 


4 
Sen 

ENTER 
{12 2-5 0} 
[2 2] 
{5 0 -5} 
{-5 0 5} 


expression -matrixl => matrix 20-[1,2;3,4] [ENTER 
matrix1 - expression => matrix 19 -2 


Le ] 
expression -matrix1 returns a matrix of 3 16 
expression times the identity matrix minus 
matrix1. matrix1 must be square. 


matrix1 — expression returns a matrix of 
expression times the identity matrix 
subtracted from matrix1. matrix1 must be 
square. 


Note: Use .- (dot minus) to subtract an 
expression from each element. 


expression1 * expression => expression 2* 3.45 [ENTER 6.9 
Returns the product of expression! and x* y* x (ENTER x2+y 
expression2. 

listl*list2 => list {1.0,2,3}*{4,5,6} (ENTER}{4. 10 18} 
Returns a list containing the products of the 9 b 
corresponding elements in list and list2. (2/a,3/2}* {a?,b/3} (ENTER}{2-a 7} 


Dimensions of the lists must be equal. 


matrixl *matrix2 => matrix [1,2,3;4,5,6]*[a,d;b,e;c,f] 
ENTER 
Returns the matrix product of matrix1 and 
matrix2. 
The number of rows in matrix] must equal ABN ug 
the number of columns in matrix2. G F2bt+30 d+2ete 
d-atS- bt6-c 4-dt5-e8- 
expression *listl = list m* {4,5,6} (ENTER {4-n 5+n 6-m} 


listl * expression = list 


Returns a list containing the products of 
expression and each element in list1. 


expression *matrixl => matrix [1,2:3,4]*.01 (TER [: 01 .02 1] 

matrixl * expression => matrix aaa anes ¢ .03 .04 
Returns a matrix containing the products of ; . 4.0 0 
expression and each element in matrix1. A* identity(3) [ENTER : 


Note: Use .* (dot multiply) to multiply an 
expression by each element. 


expression / expression => expression 2/3.45 (ENTER .57971 
Returns the quotient of expression1 divided by  x*3/x (ENTER x2 
expression2. 

list] /Uist2 => list {1.0,2,3}/{4,5,6} (ENTER 


Returns a list containing the quotients of list1 viee erat he 


divided by lisi2. 


Dimensions of the lists must be equal. 
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expression /listl => _ list a/{3,a,V¥(a)} (ENTER 
listl / expression = list a 
{ 31 va} 
Returns a list containing the quotients of 
expression divided by list1 or list1 divided by {a,b,c}/(a*b*c) [ENTER 
expression. 
1 1 sf 
Bee ac ao} 
matrixl / expression => matrix [a,b,c]/(a*b*c) [ENTER 
Returns a matrix containing the quotients of 1 1 1 
matria1/expression. [pre a-c ab! 


Note: Use ./ (dot divide) to divide an 
expression by each element. 


2.43 


-expressionl => expression ~ 2.43 [ENTER 


-listl => list . 
-matrixl => matrix ~{71,0.4,1.2£19} (ENTER 
{1 -.4 -1.2£19} 


Returns the negation of the argument. 


For a list or matrix, returns all the elements ~a* ~ b (ENTER a+b 
negated. 

If expression! is a binary or hexadecimal In Bin base mode: 

integer, the negation gives the two’s 0b100101>dec [ENTER 37 
complement. 


|_ |mportant: Zero, not the letter O. 


-0b100101 (ENTER 
0b1111111111111111 


ans(1)b>dec [ENTER -37 


a 


111111011011 


Note: To type }, press [2nd] [>]. 


expression! % => expression 13% [+] (ENTER «13 
listl% => list 
matrixl% => matrix {1, 10, 100}% [+] [ENTER 
' {.01 .1 1.} 
Returns argument 
100 


For a list or matrix, returns a list or matrix 
with each element divided by 100. 
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expression1 = expression2 => Boolean expression Example function listing using math test 
listl =list2 = Boolean list symbols: =, 4, <, <, >, = 
matrixl =matriz2 => Boolean matrix je 
:9(X 
Returns true if expression1 is determined to :Func 
be equal to expression2. :If x<-5 Then 
Returns false if expression! is determined to ; ae : -5 and x<0 Then 
not be equal to expression2. . 
: Return -x 
Anything else returns a simplified form ofthe . £]seIf x>0 and x#10 Then 
equation. : Return x 
For lists and matrices, returns comparisons : aoa ms = 0 Then 
element by element. SEndIf 
:EndFunc 


Graph g(x) (ENTER 


expression1 # expression2 => Boolean expression See "=" (equal) example. 
listl #list2 = Boolean list 
matrix] #matrix2 = Boolean matrix 


Returns true if expression! is determined to be 
not equal to expression2. 


Returns false if expression1 is determined to 
be equal to expression2. 


Anything else returns a simplified form of the 
equation. 


For lists and matrices, returns comparisons 
element by element. 


expression1 < expression = Boolean expression See "=" (equal) example. 
listl <list2 = Boolean list 
matrix! <matrix2 = Boolean matrix 


Returns true if expression1 is determined to be 
less than expression2. 


Returns false if expression! is determined to 
be greater than or equal to expression2. 


Anything else returns a simplified form of the 
equation. 


For lists and matrices, returns comparisons 
element by element. 
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expression1 < expression = Boolean expression See "=" (equal) example. 
listl <list2 = Boolean list 
matrixl <matrix2 = Boolean matrix 


Returns true if expression! is determined to be 
less than or equal to expression2. 


Returns false if expression1 is determined to 
be greater than expression2. 


Anything else returns a simplified form of the 
equation. 


For lists and matrices, returns comparisons 
element by element. 


expression1 > expression2 = Boolean expression See "=" (equal) example. 
listl >list2 = Boolean list 
matrixl > matriz2 = Boolean matrix 


Returns true if expression! is determined to be 
greater than expression2. 


Returns false if expression1 is determined to 
be less than or equal to expression2. 


Anything else returns a simplified form of the 
equation. 


For lists and matrices, returns comparisons 
element by element. 


expression1 > expression = Boolean expression See "=" (equal) example. 
listl >list2 = Boolean list 
matrix! =matrix2 = Boolean matrix 


Returns true if expression! is determined to be 
greater than or equal to expression2. 


Returns false if expression1 is determined to 
be less than expression2. 


Anything else returns a simplified form of the 
equation. 


For lists and matrices, returns comparisons 
element by element. 


matrix1 + matrix2 => matrix [a,2;b,3].+Lc,4;5,d] (ENTER 
expression .+ matrix] => matrix x.+£c,4;5,d] (ENTER 
matrix1 .+ matrix2 returns a matrix thatisthe /* le 3] + [s al 
sum of each pair of corresponding elements are & 
in matrix1 and matrix2. b+5 dts 
c 4 xto xt 
expression .+ matrix1 returns a matrix that is mx at [: d [* +S ada 


the sum of expression and each element in 
matrix1. 
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matrixl .- matrix2 = matrix [a,2;b,3].-[c,4;d,5] (ENTER 
expression .-matrixl = matrix x.-[c,4;d,5] [ENTER 
matrix1 .- matrix2 returns a matrix thatisthe /* le 3] = la s] 
difference between each pair of ee 
corresponding elements in matrix and i -d -2 
matrix2. i _ iL 4 oe x-4 
; : i a5 w-d -5 
expression .— matrix1 returns a matrix that is 
the difference of expression and each element 
in matrix1. 
matrix! .*matrix2 = matrix [a,2;b,3].*[c,4;5,d] (ENTER 
expression .*matrixl = matrix x.*[a,b:c,d] [Evin 
matrix1 .* matrix2 returns a matrix that isthe 5 i ] Fe E ] 
product of each pair of corresponding bs sod oe 
elements in matrix1 and matrix2. [ | 
S-b 3-d 
expression .* matrix1 returns a matrix my [? b [? oa Eee ‘| 
cod. cx dex 


containing the products of expression and 
each element in matrix1. 


matrixl ./matrix2 => matrix [a,2;b,3]./[c,4;5,d] (ENTER 
expression ./matrixl] => matrix x./Ec,4;5,d] (ENTER 

matrix1 ./ matrix2 returns a matrix that is the [BS] [sa] [= = 

quotient of each pair of corresponding > . 7 . 

elements in matrix1 and matrix2. E 4 = g 

ex ae 

expression ./ matrix1 returns a matrix that is ed = 3 

the quotient of expression and each element in 

matrix. 
matrixl . matrix2 = matrix [a,2;b,3].*[c,4;5,d] (ENTER 

ee be hi 5 
expression. matrixl = matrix x.*£c,4:5,d] (ENTER 

matrix1 . matrix2 returns a matrix where z 

each element in matrix2 is the exponent for |? | lt | [? ‘| 

the corresponding element in matrix1. 8 ood bo 34 

c 4 xt x4 

expression . * matrix1 returns a matrix where |"* +” E | 5 i 

each element in matria1 is the exponent for as 

expression. 
expressionl1! = expression 5! (ENTER 120 
list1! = list 
EE Se cae {54,3}! (ENTER {120 24 6} 

Returns the factorial of the argument. 1? 

: | 
For a list or matrix, returns a list or matrix of [1,233.4]! (ENTER [6 24] 


factorials of the elements. 


The TI-89 computes a numeric value for only 
non-negative whole-number values. 
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stringl & string2 = string "Hello " & "Nick" (ENTER 
"Hello Nick" 


Returns a text string that is string2 appended 
to string]. 


J(expression1, var{, lower] [,upper]) = expression 
J(list1,var [Lorder]) => list 
J(matrix1,var Lorder]) => matrix 


Returns the integral of expression1 with 7 bs a3 
respect to the variable var from lower to upper. J(X*2sXsa5 b) (ENTER 37°73 
Returns an anti-derivative if lower and upper , x8 
are omitted. A symbolic constant of (x*2,x) [ENTER az 
integration such as C is omitted. 4 
a-x 
However, lower is added as a constant of (a*x%2,x,C) (ENTER Zz +e 


integration if only upper is omitted. 


Equally valid anti-derivatives might differ by (1/(2-cos(x)),x)>tmp(x) (ENTER 
anumeric constant. Such a constant might be 
disguised—particularly when an anti- 
derivative contains logarithms or inverse 
trigonometric functions. Moreover, piecewise 
constant expressions are sometimes added to 
make an anti-derivative valid over a larger 
interval than the usual formula. 


ClrGraph:Graph tmp(x):Graph 
1/(2-cos(x)):Graph ¥(3) 

(2tan7(¥ (3) (tan(x/2)))/3) 
ENTER 


t I 
[e=sescn}@\ 2=ek 
Zo cost |** 2 > cost) 


2 tara(IS : tan[S]] 


aks 


JQ returns itself for pieces of expression! that (b*¥e*(~ xX*2)+a/(x*2+a%2) ,x) 
it cannot determine as an explicit finite ENTER 
combination of its built-in functions and 
operators. 


wy? ‘3 
When lower and upper are both present, an 7 Ile ee wetal Ja 
attempt is made to locate any discontinuities All =7] ae 
or discontinuous derivatives in the interval BJle Been [ Al 
lower < var < upper and to subdivide the 
interval at those places. 


For the AUTO setting of the Exact/Approx 
mode, numerical integration is used where 
applicable when an anti-derivative or a limit 
cannot be determined. 


For the APPROX setting, numerical Jler(~x*2) x, ~ 1,1) (6) ENTER) 1.493... 
integration is tried first, if applicable. Anti- 

derivatives are sought only where such 

numerical integration is inapplicable or fails. 
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JQ) can be nested to do multiple integrals. J({Cin(xty),y,0,x),x,0,a) (ENTER 
Integration limits can depend on integration 
variables outside them. 


a[x 
{ale Trt + odds 


. 2. 
Note: See also nint(). a Inte) +a2-(1n¢2) - 3-4) 


V (expression1) = expression V (4) (ENTER 2 
V (listl) => list 


V({9,a,4}) (ENTER {3 Va 2} 


Returns the square root of the argument. 


For a list, returns the square roots of all the 
elements in list. 


T(expression1, var, low, high) = expression T(1/n,n,1,5) (ENTER 1 
’ y y 1 0 


Evaluates expression! for each value of var 
from low to high, and returns the product of TI(k*2,k,1,n) (ENTER (n!)2 
the results. 


TH({1/n,n,2},n,1,5) (ENTER 


1 
{rq 120 32} 


Il(expression1, var, low,low-1) => 1 T1(k,k,4,3) (ENTER 1 


I(expression1, var, low, high) = I(expression1, J1(1/k,k,4,1) (ENTER 6 
var, high+1, low- 1) if high < low-1 


T1(1/k,k,4,1)*I(1/k,k,2,4) (ENTER 


1/4 
L(expressionl, var, low, high) = expression ¥(1/n,n,1,5) (ENTER 137 
y ’ ’ 6 0 


Evaluates expression! for each value of var . 
from low to high, and returns the sumofthe =(k*2,k,1,n) [ENTER 


results. 
ne (n+1)+(2+n+1) 
6 
Te 
X(1/n*2,n,1,0¢) (ENTER e 
L(expression1, var, low,low-1) > 0 =(k,k,4,3) (ENTER 0 
L(expressionl, var, low, high) = ~X(expression1, =(k,k,4,1) (ENTER =5 
var, high+1, low- 1) if high < low- 1 
X(k,k,4,1)+2(k,k,2,4) [ENTER 4 


Appendix A: Functions and Instructions 533 


expressionl * expression2 => expression 42 [ENTER 16 
list] \list2 = list 


{a,2,c}*{1,b,3} [ENTER] {a 2> c3} 


Returns the first argument raised to the 
power of the second argument. 


For a list, returns the elements in list] raised 
to the power of the corresponding elements 
in list2. 


In the real domain, fractional powers that 
have reduced exponents with odd 
denominators use the real branch versus the 
principal branch for complex mode. 


expression \listl = list 1 
al p*{a,2,~ 3} (ENTER {p? p? Bx} 
Returns expression raised to the power of the 
elements in list1. 
list \ expression => list {1,2,3,4}*~ 2 (ENTER 


Returns the elements in list1 raised to the {1 1/4 1/9 1/16} 


power of expression. 


squareMatrixl ‘integer => matrix [1,2;3,4]*2 [ENTER 
[1,2;3,4]*~ 1 (ENTER 
[1,2;3,4]*~ 2 (ENTER 


Returns squareMatrix1 raised to the integer 
power. 


squareMatrix1 must be a square matrix. 


If integer = ~ 1, computes the inverse matrix. 1 272 7 16 
If integer < - 1, computes the inverse matrix |"|z 4 is 2 
to an appropriate positive power. Jt A -1 2 4 
34 32-172 
aft a es - 5-2 
3 04 -1ied Ped 
# varNameString Program segment: 


Refers to the variable whose name is : 
varNameString. This lets you create and :Request "Enter Your Name",strl 


modify variables from a program using :NewFold #strl 
strings. : 


:For i,1,5,1 
: ClrGraph 
Graph i*x 
: StoPic #("pic" & string(i)) 
:EndFor 
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expression1" = expression In Degree or Radian angle mode: 
listl™ = list V2 
matrixl" = matrix cos((m/4)" ) (ENTER > 
In Degree angle mode, multiplies expression1 
by 180/n. In Radian angle mode, returns cos({0",(n/12)",-x" }) (ENTER 


expression1 unchanged. 
i (341) +2 i 


This function gives you a way to use a radian Z 


angle while in Degree mode. (In Degree angle 
mode, sin(), cos(), tan(), and polar-to- 
rectangular conversions expect the angle 
argument to be in degrees.) 


Hint: Use ° if you want to force radians in a 
function or program definition regardless of 
the mode that prevails when the function or 
program is used. 


expression® => value In Radian angle mode: 
list1° => list 
matrixl® = matrix 


V2 
cos (45°) (ENTER ay 


o 
fa) 
= 
= 
mI 
Es] 


In Radian angle mode, multiplies expression cos({0,72/4,90°,30.12°}) 
by 7/180. In Degree angle mode, returns {1 .707... 0 .864...} 
expression unchanged. : “7 : a 


This function gives you a way to use a degree 
angle while in Radian mode. (In Radian angle 
mode, sin(), cos(), tan(), and polar-to- 
rectangular conversions expect the angle 
argument to be in radians.) 


[radius,Z®_angle] = vector (polar input) [5,260°, 245°] [ENTER 
[rediiin, 20 angled poominate| eRe In Radian mode and vector format set to: 
(cylindrical input) 
[radius,2Z0_angle,Z¢_angle] = vector 
(spherical input) HES 268° 245°] 
Returns coordinates as a vector depending az as 52] rectangular 
on the Vector Format mode setting: ES 260° 245°] 
rectangular, cylindrical, or spherical. [ B42 om SE | cylindrical 
z 3 2 
apa 260° 245°] 
[ 5 ce <4 spherical 
(magnitude Z angle) = complexValue (polar input) In Radian angle mode and Rectangular 
’ complex format mode: 
Enters a complex value in (r28) polar form. 
The angle is interpreted according to the 5+3i- (10Zn/4) [ENTER 
current Angle mode setting. 5-5 ef2+( 3-5/2) i 
)(ENTER -2.071..-4.07 1% 
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dd°mm'ss.ss" = expression 


dd A positive or negative number 
mm  Anon-negative number 
ss.ss Anon-negative number 


Returns dd+(mm/60)+(ss.ss/3600). 
This base-60 entry format lets you: 


e Enter an angle in degrees/minutes/seconds 
without regard to the current angle mode. 


e Enter time as hours/minutes/seconds. 


variable" 
variable" 


Enters a prime symbol in a differential 
equation. A single prime symbol denotes a 
1st-order differential equation, two prime 
symbols denote a 2nd-order, etc. 


expression_unit 


Designates the units for an expression. All 
unit names must begin with an underscore. 


You can use pre-defined units or create 
your own units. For a list of pre-defined 
units, refer to the chapter about constants 
and measurement units in this book. You 
can press: 

TI-89: [2nd] [UNITS] 

TI-92 Plus: [¢] [UNITS] 

to select units from a menu, or you can 
type the unit names directly. 


variable_ 


When variable has no value, it is treated as 
though it represents a complex number. By 
default, without the _, the variable is 
treated as real. 


If variable has a value, the _ is ignored and 
variable retains its original data type. 


Note: You can store a complex number to 
a variable without using _. However, for 
best results in calculations such as cSolve() 
and cZeros(), the _ is recommended. 
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In Degree angle mode: 


25°13'17.5" 


25°30' 


ENTER 


ENTER 


25.221. 
51/ 


deSolve(y''=y*(-1/2) and 


y(0)=0 and y'(0)=0,t,y) [ENTER 


3_mp_ft 


ENTER 


Note: To type >, press [2nd 


Assuming z is undefined: 


real(z) 
real (z_) 


ENTER 


ENTER 


imag(z) 
imag(z_) 


ENTER 


ENTER 


2-y3/4 


z 
real(z_) 


0 
imag(z_) 


2 


t 


expression_unitl > _unit2 = expression_unit2 3_m>_ft (ENTER 9.842..+_ft 


Converts an expression from one unit to 
another. The units must be in the same 
category. 


The _ underscore character designates the 
units. For a list of valid pre-defined units, 
refer to the chapter about constants and 
measurement units in this book. You can 
press: 

TI-89: [2nd] [UNITS] 

TI-92 Plus: [¢] [UNITS] to select units from a 
menu, or you can type the unit names 
directly. 


To get the _ underscore when typing units 
directly, press: 

TI-89: [+] [_ 
TI-92 Plus: (2nd) [_] 


Note: The > conversion operator does not 
handle temperature units. Use tmpCnv() and 
AtmpCnv() instead. 


104 (expressionl) = expression 10*(1.5) (ENTER 31.622... 
104 (list1) = list 


10*{0,-2,2,a} (ENTER 
Returns 10 raised to the power of the i 
argument. {1 zqAq 100 104} 


For a list, returns 10 raised to the power of 
the elements in list1. 


10\(squareMatrixl) = squareMatrix 10*((1,5,3;4,2,1;6,-2,1]) {ENTER 
Returns 10 raised to the power of 1.143..67 8.171..66 6.675..£6 
squareMatrix1. This is not the same as [: 956066 5115.06. 5. 813-16 
7.652..66 5.469..66 4.468..66 


calculating 10 raised to the power of each 
element. For information about the 
calculation method, refer to cos(). 


squareMatrix1 must be diagonalizable. The 
result always contains floating-point 
numbers. 


Appendix A: Functions and Instructions 537 


expression! x1 = expression 3.1*~ 1 [ENTER .322581 
listlx1 = list 


{a,4,-.1,x-2}*~- 1 (ENTER 
Returns the reciprocal of the argument. 1 4 1 
> 


{ 


For a list, returns the reciprocals of the 
elements in list. 


squareMatrix1 x1 =  squareMatrix [1,2;3,4]*-1 (ENTER 
[1,2;a,4]*-1 (ENTER 


Returns the inverse of squareMatrix1. 


squareMatrix1 must be a non-singular square : [: ayt [ 24 
matrix. Zz 4 Bem? - 163 
1 2) 
/ 
a 4 
“2 i 
a-2 a-2 
—* _.. _ 
2fa-2) 2fa- 2) 


expression | Boolean expression1 [and Boolean xt1 | x=3 [ENTER 4 
expression2]...[and Boolean expressionN] 


xt+y| x=sin(y) (ENTER sin(y) ty 


The “with” (1) symbol serves as a binary 
operator. The operand to the left of | is an xt+y| sin(y)=x (ENTER x+y 
expression. The operand to the right of | 

specifies one or more relations that are 

intended to affect the simplification of the 

expression. Multiple relations after | must be 

joined by a logical “and”. 


The “with” operator provides three basic 
types of functionality: substitutions, interval 
constraints, and exclusions. 


Substitutions are in the form of an equality, x*3- 2x+7> f(x) (ENTER Done 
such as x=3 or y=sin(x). To be most effective, 
the left side should be a simple variable. f(x) | x=V(3) (ENTER V3+7 
expression | variable = value will substitute 
value for every occurrence of variable in (sin(x))*2+2sin(x)-6| sin(x)=d 
expression. ENTER 

d2+2d-6 
Interval constraints take the form of one or solve(x*2-1=0,x)|x>0 and x<2 
more inequalities joined by logical “and” ENTER 
operators. Interval constraints also permit x=1 


simplification that otherwise might be invalid 
or not computable. 


V(x) *¥(1/x) | x>0 [ENTER 1 


V(x)*¥(1/x) (ENTER vf +x 


Exclusions use the “not equals” (/= or #) solve(x*2-1=0,x)| x#1 [ENTER)x = -1 
relational operator to exclude a specific 

value from consideration. They are used 

primarily to exclude an exact solution when 

using cSolve(), cZeros(), fMax(), fMin(), solve(), 

zeros(), etc. 
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expression > var Tt 
> 
er soar m/4>myvar (ENTER Tt 
matrix > var ‘ 
2cos(x)>Y1(x) (ENTER Done 


expression > fun_name(parameterl,...) 


list > fun_name(parameter,...) 
matrix > fun_name(parameter!,...) {1,2,3,4}>Lst6 ENTER 123 4) 


If variable var does not exist, creates varand [1 ,2,3;4,5,6]>MatG (ENTER) [ 12 34 
initializes it to expression, list, or matrix. : 45 6 
"Hello">str1 (ENTER "Hello" 


If var already exists and if it is not locked or 
protected, replaces its contents with 
expression, list, or matrix. 


Hint: If you plan to do symbolic 
computations using undefined variables, 
avoid storing anything into commonly used, 
one-letter variables such as a, b, c, x, y, Z, etc. 


@ [text] Program segment: 
@ processes text as a comment line, which : 
can be used to annotate program :@Get 10 points from the Graph 
instructions. 


@ can be at the beginning or anywhere in the “eon To . 10 @This loops 10 
. ’ ’ 


line. Everything to the right of @, to the end 


of the line, is the comment. ti nee 


Ob binaryNumber In Dec base mode: 
Oh hexadecimalNumber 0b10+0hF+10 


ENTER 27 


In Bin base mode: 
0b10+0hF+10 (ENTER 0b11011 


Denotes a binary or hexadecimal number, 
respectively. To enter a binary or hex 
number, you must enter the 0b or 0h In Hex base mode: 
prefix regardless of the Base mode. ‘ 

Without a prefix, a number is treated as Ob10+OhF+10 [ENTER Oh1B 
decimal (base 10). 


Results are displayed according to the 
Base mode. 
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Reference Information 


TI-89 / TI-92 Plus Error Messages ...........:ccccscsssseeseeseeeseeseceeeeeeeeeeeeeees 542 
MOG isis ie 2s ii wessescess ietedag feasts sada gins Vanes lesbians Pestaneatacdscabasial eenad 550 
TI-89 / TI-92 Plus Character Codes .........:cccsssssseseeseeeseececeseeeeeteeseeeees 555 
T1289 Key COGS 3. cisssscsicssgtavssvecazascaecenesssaacizcssasesssesagssaezsnesésszesavesataztsates 556 


TI-92 Plus Key Code............. 


Entering Complex Numbers .. - 563 
Accuracy Information. ..........cccceeee ... 566 
System Variables and Reserved Names .........ccccscccsseseesteeseeeseeseeseeneees 567 
EOS (Equation Operating System) Hierarchy...........ccseseeeeeseereeeeee 568 
Regression Formulas i cicicsccsessesaxcsascessasssstesssatescceasidsaaqavaieiseasansscascansaasaa 570 
Contour Levels and Implicit Plot Algorithm........... eee eeeeeeeeeeeeeee 572 
Runge-Kutta: Method asics cssisinativsateieasvnisinuncia ise nveaicasniacnasl 573 


This appendix contains a comprehensive list of TI-89 / TI-92 Plus 
error messages and character codes. It also includes information 
about how certain TI-89 / TI-92 Plus operations are calculated. 


Fir [F2-] Fur [FE Fer 
AIebr alate Other] Pr aralD]c lean UF} 
ERROR 


Undefined wariab le 


Entsr=GO0To ESC=CAMCEL 


RAD AUTO FUME 


For additional information, refer to Appendix C. For example, if 
you have difficulty operating the TI-89 / TI-92 Plus, Appendix C 
contains an “In Case of Difficulty” section that gives suggestions 
that may help you correct the problem. 
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TI-89 / TI-92 Plus Error Messages 


Error 
Number 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


110 


120 


130 


140 


150 


Description 


A function did not return a value 
A test did not resolve to TRUE or FALSE 
Generally, undefined variables cannot be compared. For example, the test 


If a<b will cause this error if either a or b is undefined when the If statement 
is executed. 


Argument cannot be a folder name 
Argument error 
Argument mismatch 
Two or more arguments must be of the same type. For example, 


PtOn expression1,expression2 and PtOn list1,list2 are both valid, but 
PtOn expression, list is a mismatch. 


Argument must be a Boolean expression or integer 
Argument must be a decimal number 
Argument must be a label name 
Argument must be a list 
Argument must be a matrix 
Argument must be a Pic 
Argument must be a Pic or string 
Argument must be a string 
Argument must be a variable name 
For example, DelVar 12 is invalid because a number cannot be a variable 


name. 


Argument must be an empty folder name 
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Error 
Number 


160 


161 


163 


165 


170 


180 


185 


190 


200 


210 


220 


225 


230 


240 


250 


Description 


Argument must be an expression 


For example, zeros(2x+3=0,x) is invalid because the first argument is an 
equation. 


ASAP or Exec string too long 
Attribute (8-digit number) of object (8-digit number) not found 


Batteries too low for sending/receiving product code 
Install new batteries before sending or receiving product software (base 


code). 

Bound 
For the interactive graph math functions like 2:Zero, the lower bound must 
be less than the upper bound to define the search interval. 

Break 


The [ON] key was pressed during a long calculation or during program 
execution. 


Checksum error 


Circular definition 


This message is displayed to avoid running out of memory during infinite 
replacement of variable values during simplification. For example, a+1>a, 
where a is an undefined variable, will cause this error. 


Constraint expression invalid 


For example, solve(3x*2- 4=0, x) | x<0 or x>5 would produce this error 
message because the constraint is separated by “or” and not “and.” 


Data type 
An argument is of the wrong data type. 


Dependent limit 


A limit of integration is dependent on the integration variable. For example, 
J(x42,x,1,x) is not allowed. 


Diff Eq setup 


Dimension 


A list or matrix index is not valid. For example, if the list {1,2,3,4} is stored 
in L1, then L1[5] is a dimension error because L1 only contains four 
elements. 


Dimension mismatch 
Two or more arguments must be of the same dimension. For example, 


[1,2]+[1,2,3] is a dimension mismatch because the matrices contain a 
different number of elements. 


Divide by zero 
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Error 
Number Description 


260 Domain error 
An argument must be in a specified domain. For example, ans(100) is not 
valid because the argument for ans() must be in the range 1-99. 

270 Duplicate variable name 

280 Else and Elself invalid outside of If..Endlf block 

290 EndTry is missing the matching Else statement 

295 Excessive iteration 

300 Expected 2 or 3-element list or matrix 

307 Flash application extension (function or program) not found 

308 Flash application not found 

310 First argument of nSolve must be a univariate equation 
The first argument must be an equation, and the equation cannot contain a 
non-valued variable other than the variable of interest. For example, 
nSolve(3x*2- 4=0, x) is a valid equation; however, nSolve(3x*2- 4, x) is not an 
equation, and nSolve(3x*2- y=0,x) is not a univariate equation because y has 
no value in this example. 

320 First argument of solve or cSolve must be an equation or inequality 
For example, solve(3x*2- 4, x) is invalid because the first argument is not an 
equation. 

330 Folder 
An attempt was made in the VAR-LINK menu to store a variable in a folder 
that does not exist. 

335 Graph functions y1(x)...y99(x) not available in Diff Equations mode 

345 Inconsistent units 

350 Index out of range 

360 Indirection string is not a valid variable name 

380 Invalid ans() 


390 Invalid assignment 


400 Invalid assignment value 
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Error 
Number 


405 


410 


420 


430 


440 


450 


460 


470 


480 


490 


500 


510 


520 


530 


540 


550 


Description 


Invalid axes 

Invalid command 

Invalid folder name 

Invalid for the current mode settings 


Invalid implied multiply 


For example, x(x+1) is invalid; whereas, x* (x+1) is the correct syntax. This is 
to avoid confusion between implied multiplication and function calls. 


Invalid in a function or current expression 


Only certain commands are valid in a user-defined function. Entries that are 
made in the Window Editor, Table Editor, Data/Matrix Editor, and Solver as 
well as system prompts such as Lower Bound cannot contain any commands 
or a colon (:). See also “Creating and Evaluating User-Defined Functions” in 
Chapter 5. 


Invalid in Custom..EndCustm block 
Invalid in Dialog..EndDlog block 
Invalid in Toolbar..EndTBar block 
Invalid in Try..EndTry block 


Invalid label 
Label names must follow the same rules used for naming variables. 


Invalid list or matrix 
For example, a list inside a list such as {2,{3,4}} is not valid. 


Invalid outside Custom..EndCustm or ToolBar..EndTbar blocks 


For example, an Item command is attempted outside a Custom or ToolBar 
structure. 


Invalid outside Dialog..EndDlog, Custom..EndCustm, or ToolBar..EndTBar blocks 


For example, a Title command is attempted outside a Dialog, Custom, or 
ToolBar structure. 


Invalid outside Dialog..EndDlog block 


For example, the DropDown command is attempted outside a Dialog 
structure. 


Invalid outside function or program 


A number of commands are not valid outside a program or a function. For 
example, Local cannot be used unless it is in a program or function. 
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Error 
Number Description 


560 Invalid outside Loop..EndLoop, For..EndFor, or While..EndWhile blocks 
For example, the Exit command is valid only inside these loop blocks. 


570 Invalid pathname 
For example, \\var is invalid. 


575 Invalid polar complex 
580 Invalid program reference 
Programs cannot be referenced within functions or expressions such as 


1+p(x) where p is a program. 


590 Invalid syntax block 
A Dialog..EndDlog block is empty or has more than one title. A 


Custom..EndCustm block cannot contain PIC variables, and items must be 
preceded by a title. A Toolbar..EndTBar block must have a second argument 
if no items follow; or items must have a second argument and must be 
preceded by a title. 

600 Invalid table 

605 Invalid use of units 

610 Invalid variable name in a Local statement 

620 Invalid variable or function name 

630 Invalid variable reference 

640 Invalid vector syntax 

650 Link transmission 
A transmission between two units was not completed. Verify that the 
connecting cable is connected firmly to both units. 

665 Matrix not diagonalizable 

670 Memory 

673 The calculation required more memory than was available at that time. If 
you get this error when you run a large program, you may need to break the 
program into separate, smaller programs or functions (where one program 


or function calls another). 


680 Missing ( 
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Error 
Number 


690 


700 


710 


720 


730 


740 


750 


765 


780 


790 


800 


810 


830 


840 


Description 


Missing ) 
Missing " 
Missing ] 
Missing } 
Missing start or end of block syntax 
Missing Then in the If..Endlf block 
Name is not a function or program 
No functions selected 
No solution found 
Using the interactive math features (F5:Math) in the Graph application can 


give this error. For example, if you attempt to find an inflection point of the 
parabola y1(x)=x2 , which does not exist, this error will be displayed. 


Non-algebraic variable in expression 


If ais the name of a PIC, GDB, MAG, FIG, etc., a+1 is invalid. Use a different 
variable name in the expression or delete the variable. 


Non-real result 


For example, if the unit is in the REAL setting of the Complex Format mode, 
In( - 2) is invalid. 


Not enough memory to save current variable. Please delete unneeded variables on 
the Var-Link screen and re-open editor as current OR re-open editor and use F1 8 to 
clear editor. 


This error message is caused by very low memory conditions inside the 
Data/Matrix Editor. 
Overflow 


Plot setup 
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Error 
Number Description 


850 Program not found 
A program reference inside another program could not be found in the 
provided path during execution. 

860 Recursion is limited to 255 calls deep 

870 Reserved name or system variable 

875 ROM-resident routine not available 

880 Sequence setup 

885 Signature error 

890 Singular matrix 

895 Slope fields need one selected function and are used for 1st-order equations only 

900 Stat 

910 Syntax 
The structure of the entry is incorrect. For example, x+- y (x plus minus y) 
is invalid; whereas, x+~ y (x plus negative y) is correct. 

930 Too few arguments 
The expression or equation is missing one or more arguments. For 
example, d(f(x)) is invalid; whereas, d(f(x),x) is the correct syntax. 

940 Too many arguments 
The expression or equation contains an excessive number of arguments 
and cannot be evaluated. 

950 Too many subscripts 

955 Too many undefined variables 

960 Undefined variable 

965 Unlicensed product software or Flash application 

970 Variable in use so references or changes are not allowed 

980 Variable is locked, protected, or archived 

990 Variable name is limited to 8 characters 


1000 Window variables domain 


1010 Zoom 
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Error 


Number Description 


Warning 


Warning: 
Warning: 
Warning: 
Warning: 
Warning: 
Warning: 
Warning: 
Warning: 
Warning: 
Warning: 
Warning: 
Warning: 
Warning: 
Warning: 


Warning: 


: 0040 or undef‘0 replaced by 1 
040 replaced by 1 

14co or 14undef replaced by 1 
cSolve may specify more zeros 
May produce false equation 
Expected finite real integrand 
May not be fully simplified 
More solutions may exist 

May introduce false solutions 
Operation may lose solutions 
Requires & returns 32 bit value 
Overflow replaced by °° or ~ co 
Questionable accuracy 
Questionable solution 

Solve may specify more zeros 


Trig argument too big to reduce 
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Modes 


Graph 


Current Folder 


Note: For detailed 
information about using 
folders, see Chapter 5. 


Display Digits 


Specifies the type of graphs you can plot. 


1:FUNCTION y(x) functions (Chapter 6) 


2:PARAMETRIC x(t) and y(t) parametric equations (Chapter 7) 


3:POLAR r(8) polar equations (Chapter 8) 
4:SEQUENCE u(n) sequences (Chapter 9) 
5:3D z(x,y) 3D equations (Chapter 10) 


6:DIFF EQUATIONS y'(t) differential equations (Chapter 11) 
Note: If you use a split screen with Number of Graphs = 2, Graph is for 


the top or left part of the screen and Graph 2 is for the bottom or 
right part. 


Specifies the current folder. You can set up multiple folders with 
unique configurations of variables, graph databases, programs, etc. 


1:main Default folder included with the TI-89 / TI-92 Plus. 


2:— Other folders are available only if they have been 
(custom folders) created by a user. 


Selects the number of digits. These decimal settings affect only how 
results are displayed—you can enter a number in any format. 


Internally, the TI-89 / TI-92 Plus retains decimal numbers with 14 
significant digits. For display purposes, such numbers are rounded to 
a maximum of 12 significant digits. 


1:FIX 0 Results are always displayed with the selected 

2:FIX 1 number of decimal places. 

D:FIX 12 

E:FLOAT The number of decimal places varies, depending 
on the result. 

F:FLOAT 1 If the integer part has more than the selected 

G:FLOAT 2 number of digits, the result is rounded and 


displayed in scientific notation. 


For example, in FLOAT 4: 
12345. is shown as 1.23564 


Q:FLOAT 12 
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Angle 


Exponential Format 


Complex Format 


Specifies the units in which angle values are interpreted and 
displayed in trig functions and polar/rectangular conversions. 


1:RADIAN 
2:DEGREE 


Specifies which notation format should be used. These formats 
affect only how an answer is displayed; you can enter a number in 
any format. Numeric answers can be displayed with up to 12 digits 
and a 3-digit exponent. 


1:NORMAL Expresses numbers in standard format. For 
example, 12345.67 


2:SCIENTIFIC Expresses numbers in two parts: 


¢ The significant digits display with one digit to 
the left of the decimal. 


¢ The power of 10 displays to the right of E. 
For example, 1.234567£4 means 1.234567x104 


3:ENGINEERING _ Similar to scientific notation. However: 


¢ The number may have one, two, or three 
digits before the decimal. 


¢ The power-of-10 exponent is a multiple of 
three. 


For example, 12.34567£3 means 12.34567x10° 


Note: If you select NORMAL, but the answer cannot be displayed in 
the number of digits selected by Display Digits, the TI-89 / TI-92 Plus 
displays the answer in SCIENTIFIC notation. If Display Digits = FLOAT, 
scientific notation will be used for exponents of 12 or more and 
exponents of -4 or less. 


Specifies whether complex results are displayed and, if so, their 
format. 


1:REAL Does not display complex results. (If a result is a 
complex number and the input does not contain 
the complex unit i, an error message is 
displayed.) 


2:RECTANGULAR _ Displays complex numbers in the form: a+bi 


3:POLAR Displays complex numbers in the form: re‘ ® 
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Vector Format 


Pretty Print 


Split Screen 


Determines how 2-element and 3-element vectors are displayed. You 
can enter vectors in any of the coordinate systems. 


1:RECTANGULAR Coordinates are in terms of x, y, and z. For 
example, [3,5,2] represents x = 3, y = 5, and z = 2. 


2:CYLINDRICAL Coordinates are in terms of r, 6, and z. For 
example, [3,245,2] represents r = 3, 6 = 45, and 


Z=2. 

3:SPHERICAL Coordinates are in terms of r, 6, and 6. For 
example, [3, 245, 290] represents r = 3, 6 = 45, and 
o = 90. 


Determines how results are displayed on the Home screen. 


1:0FF Results are displayed in a linear, one- 
dimensional form. 


For example, 12, 1/2, or V((x-3)/x) 


2:0N Results are displayed in conventional 
mathematical format. 


x-3 


T 
For example, x2, por \/ SO 


Note: For a complete description of these settings, refer to “Formats 
of Displayed Results” in Chapter 2. 


Lets you split the screen into two parts. For example, you can 
display a graph and see the Y= Editor at the same time (Chapter 14). 


1:FULL The screen is not split. 


2:TOP-BOTTOM The applications are shown in two screens that 
are above and below each other. 


3:LEFT-RIGHT The applications are shown in two screens that 
are to the left and right of each other. 


To determine what and how information is displayed on a split 
screen, use this mode in conjunction with other modes such as 
Split 1 App, Split 2 App, Number of Graphs, and Split Screen Ratio. (Split 
Screen Ratio is available on the TI-92 Plus only.) 
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Split 1 App 
and 
Split 2 App 


Number of Graphs 


Graph 2 


Split Screen Ratio 
(TI-92 Plus only) 


Exact/Approx 


Specifies which application is displayed on the screen. 
¢ Fora fullscreen, only Split 1 App is active. 


¢ For asplit screen, Split 1 App is the top or left part of the screen 
and Split 2 App is the bottom or right part. 


The available application choices are those listed when you press @) 
from the Page 2 mode screen or when you press [APPS]. You must have 
different applications in each screen unless you are in 2-graph mode. 


Specifies whether both parts of a split screen can display graphs at 
the same time. 


1 Only one part can display graphs. 


2 Both parts can display an independent graph 
screen (Graph or Graph 2 setting) with 
independent settings. 


Specifies the type of graphs that you can plot for the second graph 
on atwo-graph split screen. This is active only when Number of 
Graphs = 2. In this two-graph setting, Graph sets the type of graph for 
the top or left part of the split screen, and Graph 2 sets the bottom or 
right part. The available choices are the same as for Graph. 


Specifies the proportional sizes of the two parts of a split screen. 


11 The screen is split evenly. 


1:2 The bottom or right part is approximately twice 
the size of the top or left part. 


211 The top or left part is approximately twice the 
size of the bottom or right part. 


Specifies how fractional and symbolic expressions are calculated 
and displayed. By retaining rational and symbolic forms in the 
EXACT setting, the TI-89 / TI-92 Plus increases precision by 
eliminating most numeric rounding errors. 


1:AUTO Uses EXACT setting in most cases. However, 
uses APPROXIMATE if the entry contains a 
decimal point. 


2:EXACT Displays non-whole-number results in their 
rational or symbolic form. 


3:APPROXIMATE _ Displays numeric results in floating-point form. 


Note: For a complete description of these settings, refer to “Formats 
of Displayed Results” in Chapter 2. 
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Base Lets you perform calculations by entering numbers in decimal, 
binary, or hexadecimal form. 


1:DEC Decimal numbers use 0 - 9 in the base 10 format 
2-HEX Hexadecimal numbers use 0 - 9 and A - F in the 
base 16 format. 
3:BIN Binary numbers use 0 and 1 in the base 2 format. 
Unit System Lets you enter a unit for values in an expression, such as 6_m * 4_m 


or 23_m/_s * 10_s, convert values from one unit to another within the 
same category, and create your own user-defined units. 


1:SI Select SI for the metric system of measurements 


2:ENG/US Select ENG/US for the non-metric system of 
measurements 
3:CUSTOM Allows you to select custom defaults. 
Custom Units Lets you select custom defaults. This mode is dimmed until you 


select Unit System, 3:CUSTOM. 


Language Lets you localize the TI-89 / TI-92 Plus into one of several languages, 
depending on which language Flash applications are installed. 
1:English Default language included with the 

TI-89 / TI-92 Plus base code. 
2:— Alternate languages are available only if the 
(language Flash _— respective language Flash applications have 
applications) been installed. 
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TI-89 / TI-92 Plus Character Codes 
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TI-89 Key Codes 


Table 1: Key Codes for Primary Keys 


Key Modifier 
alpha 
Assoc. | Value | Assoc. | Value 
Y= 8460 FA 268 
WINDOW! 8461 F2 269 
GRAPH 8462 F3 270 
TblSet 8463 F4 271 
TABLE 8464 F5 272 
8456 ESC 264 
265 8457 APPS 265 
277 277 HOME 277 
95 MODE 266 
190 CATLG 278 
8449 BS 257 
8455 CLEAR 263 
8280 x 120 
8281 y 121 
8282 Z 122 
8276 t 116 
136 94 
8316 f 102 
b 98 
169 c 99 
8236 d 100 
E 33 e 101 
x 7 42 J 74 Vv 4138 & 38 j 106 
= - 45 (e) 79 VAR-LNK] 4141 Contr. - fo) 111 
+ + 43 U 85 CHAR 4139 | Contr. + u 117 
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Table 1: Key Codes for Primary Keys (Continued) 


Key Modifier 
None 2nd alpha 
Assoc. | Value | Assoc. Value | Assoc. | Value 
ENTER 8205 CR 13 
STOP) 64 p 112 
= 157 a 97 
EE 8341 k 107 
©) 8365 SPACE 32 
158 w 119 
0 Vv 156 Vv 118 
1 Q 8241 q 113 
2 2 R 8242 r 114 
3 3 Ss 8243 s 115 
4 4 L : 8244 | 108 
5 azas | m_ | 109 
6 6 54 N 78 MEM 4150 8246 n 110 
7 7 55 G 71 J 4151 8247 g 103 
8 8 56 H 72 d 4152 8248 h 104 
9 9 57 | 73 ; 59 8249 i 105 


Table 2: Arrow Keys 


including diagonal movement) 


Key Normal t 2nd ° alpha 
iS) 338 16722 4434 8530 33106 
(0) 340 16724 4436 8532 33108 
© 344 16728 4440 8536 33112 
© 337 16721 4433 8529 33105 
© and © 339 16723 4435 8531 33107 
© and ® 342 16726 4438 8534 33110 
© and © 345 16729 4441 8537 33113 
© and ® 348 16732 4444 8540 33116 
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Table 3: Greek Letters (prefixed by 


° 
z= 


Keys Second modifier 


alpha) t 
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TI-92 Plus Key Codes 


Table 1: Key Codes for Primary Keys 


Key Modifier 
None 2nd + 
Assoc Value | Assoc. Value | Assoc. Value | Assoc. Value 
FA FA 268 FA 268 FA 268 8460 
F2 F2 269 | Fe 269 | Fe 
F3 F3 270 F3 270 F3 270 
F4 F4 271 F4 271 F4 271 
F5 F5 272 F5 272 F5 272 
F6 F6 273 F6 273 F6 273 
F7 F7 274 F7 274 F7 
Fa Fa as | Fe ars | FS 
MODE MODE 266 | MODE 266 | MODE 
CLEAR CLEAR 263 | CLEAR 263 | CLEAR 
LN LN 262 LN 262 eX 
ESC ESC 264 ESC 264 QUIT 
APPS APPS 265 | APPS 265 | SWITCH 
ENTER CR 13 CR 13 | ENTRY APPROX 
SIN SIN 259 SIN 259 | SIN"! 
COS cos 260 | COs 260 | cos"! 
TA TAN 261 TAN 261) TAN? 
a A 94 A 94 n 
i ol wl 
) ) a ) 4 } 
: : 44 : 44 [ 
= / 47 / 47 ] 
x sd 42 * 42 V 
- - 45 - 45 | VAR-LNK Contrast — 
STO> STO 258 | STO 258 | RCL 
SPACE 32 32 32 8224 
= BS 257 BS 257 INS 4353 DEL 8449 
Q t) 136 f) 136 58 8328 
S) - 173 - 173 ANS 4372 8365 
46 46 > 62 8238 
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Table 1: Key Codes for Primary Keys (Continued) 
Key Modifier 
None 2nd ¢ 

Assoc. Value | Assoc. Value | Assoc. Value | Assoc. Value 
d 0 48 0 48 é 60 
1 1 49 1 49 E 149 8241 
(3) 3 51 3 51 CUST 4147 8243 
5 5 53 5 53 | MATH 4149 8245, 
7 7 55 7 55 | VAR-LNK 4151 8247 
9 9 57 9 57 3 4153 8249 
B b 98 B 66 : 39 8258 
Cc c 99 Cc 67 | Table 4 COPY 
D d 100 D 68 ° 176 8260 
E e 101 E 69 | Table 5 WINDOW 
F f 102 F 70 Zz 159 | FORMAT 8262 
H h 104 H 72 & 38 8264 
J 106 J 74 oo 190 8266 
K k 107 K 75 124] KEY 
L 108 L 76 : 34 8268 
M m 109 M 77 59 
N n 110 N 78 | Table 7 NEW 8270 
O 0 111 O 79 | Tables OPEN 
P p 112 P 80 m 95 | UNITS 8272 
Q q 113 Q 81 2 63 | HOME 
R r 114 R 82 @ 64 | GRAPH 8274 
Ss s 115 S 83 B 223 | SAVE 
T t 116 T 84 # 35 | TbliSet 8276 
U u 117 U 85] Tableg |---| 
Vv v 118 Vv 86 # 157 | PASTE 8278 
w w 119 Ww 87 | 33 Y= 
Xx x 120 Xx 88 @ 169 CUT 8280 
Z z 122 Z 90 | Caps Lock 8282 
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Table 2: Arrow Keys 
Arrow Keys Normal t 2nd 
© 338 16722 4434 
O 342 16726 4438 
<) 340 16724 4436 
2) 348 16732 4444 
© 344 16728 4440 
© 345 16729 4441 
) 337 16721 4433 
) 339 16723 4435 


Note: The Grab 


€])modifier only 


affects the arrow keys. 


Table 3: Grave Letters (prefixed by 


Key Assoc. Normal 

A 

E 

| 

oO 

U 

Table 4: Cedilla Letters (prefixed by 

Key Assoc. Normal 

Cc ¢ 231 


Table 5: Acute Accent Letters (prefixed by 


Normal 
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Table 6: Greek Letters (prefixed by 


2nd 


G) 
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Entering Complex Numbers 


Overview of 
Complex Numbers 


Note: To get the i symbol, 
press (2nd) [i], do not 
simply type an alphabetic i. 


A complex number has real and imaginary components that identify 
a point in the complex plane. These components are measured along 
the real and imaginary axes, which are similar to the x and y axes in 


the real plane. 


The point can be expressed in 
rectangular form or in either of 


two polar forms. 


The i symbol represents the 


imaginary number 1 . 


Imaginary 


Expressed as 
a+bi, re'’, or 
(rZ0) 


Real 


As shown below, the form that you can enter depends on the current 


Angle mode. 


You can use the form: 


a+bi 


rei® 


(rZ6) 


When the Angle mode setting is: 
Radian or Degree 
Radian only 


(In Degree angle mode, this form causes a 
Domain error.) 


Radian or Degree 


Use the following methods to enter a complex number. 


To enter the: 


Rectangular form 
at+bi 


Do this: 


Substitute the applicable values or variable 
names for a and b. 


a [+] b 2nd) [<] 


For example: 


Bets 2+i-i 
2+ 
MAIN Rat AUTO FUNC FRET] 
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Important: Do not use the 
re?® polar form in Degree 
angle mode. It will cause a 
Domain error. 


Note: To get the e symbol, 
press: 

TI-89: (+) [e*]. 

TI-92 Plus: (2nd) [e*] 

Do not simply type an 
alphabetic e. 


Tip: To get the 4 symbol, 
press (2nd) [4]. 


Tip: To enter @ in degrees 
for (r£@), you can type a ° 
symbol (such as 45°). To 
get the ° symbol, press 

2nd} [°]. You should not use 
degrees for re'®. 


Complex Format 
Mode for Displaying 
Results 


Note: You can enter 
complex numbers in any 
form (or a mixture of all 
forms) depending on the 
Angle mode. 


564 


To enter the: 


Polar form 
rei? 

—or-—- 
(rZ6) 


Parentheses are 
required for the 
(rZ®) form. 


Use [MODE] to set the 
Complex Format mode 
to one of three settings. 


Do this: 


Substitute the applicable values or variable 
names for r and 6, where 0 is interpreted 
according to the Angle mode setting. 


TI-89: 

alpha] [R] [+] [e*] (2nd) [c] (+) [6] 0 
—~or- 

Q [alpha] [R] 2nd) [4] (+) [6] 
TI-92 Plus: 

R [2nd] [e*] (2nd) [] (6) 

-or—- 

OR nd (AG 


For example: 


in 
azee 4 i+-a 
=( Ze +] fi+a 
Chen 4) 
MAI Rab AUTO FUNC 2fed 


Results are shown in rectangular — 
form, but you can select polar form. 


Fi | Fe | Fe 
Pade iPad e]Pade 3 
h..... FUNCTIDN + 

rain 
FLOAT o> 
nITG ....... RADIAN + 
Bee onen tel Forrakt MORMAL + 
AMP Tes FORT DEG 
Vector Formate REAL 
Pretty Print... 


KLEnker=SAvE a 


You can enter a complex number at any time, regardless of the 
Complex Format mode setting. However, the mode setting determines 
how results are displayed. 


If Complex Format is: 
REAL 


RECTANGULAR 
POLAR 


The TI-89 / TI-92 Plus: 
Will not display complex results unless you: 
¢ Enter a complex number. 
_or-— 
¢ Use acomplex function such as 
cFactor(), cSolve(), or cZeros(). 
If complex results are displayed, they will 
be shown in either a+bi or re‘® form. 
Displays complex results as a+bi. 


Displays complex results as: 

¢ re?® if the Angle mode = Radian 
_or-— 

¢ (rZ6) if the Angle mode = Degree 
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Using Complex 
Variables in 
Symbolic 
Calculations 


Note: For best results in 
calculations such as 
cSolve() and cZeros(), use 
Method 1. 


Complex Numbers 
and Degree Mode 


Note: If you use Degree 
angle mode, you must make 
polar entries in the form 
(r2@). In Degree angle 
mode, an re*® entry causes 
an error. 


Regardless of the Complex Format mode setting, undefined variables 
are treated as real numbers. To perform complex symbolic analysis, 
you can use either of the following methods to set up a complex 
variable. 


Method 1: Use an underscore _ (TI-89: [+] [_] TI-92 Plus: [2nd] [_]) as 
the last character in the variable name to designate a complex 
variable. For example: 


z_is treated asa 


: = imaglz) ic] 
complex variable B inagtz—} imagtz—3 
(unless z already imagtz_} 

MalM RAD AUTO FUNC PRET 


exists, in which case 
it retains its existing 
data type). 


Method 2: Define a complex variable. For example: 


X+yi>z 


Simagtz) ic) 
Then z is treated as a Bxtuy-bez xt 
complex variable. Mimagez) 

imagtz? 

Man RAD AUTO FURIE 3/30 


Radian angle mode is recommended for complex number 
calculations. Internally, the TI-89 / TI-92 Plus converts all entered trig 
values to radians, but it does not convert values for exponential, 
logarithmic, or hyperbolic functions. 


In Degree angle mode, complex identities such as e*(é0) = cos(@) + 
i sin(®) are not generally true because the values for cos and sin are 
converted to radians, while those for e’() are not. For example, 
e’(i45) = cos(45) + i sin(45) is treated internally as e*(é45) = 
cos(n/4) + i sin(7/4). Complex identities are always true in Radian 
angle mode. 
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Accuracy Information 


Computational 
Accuracy 


Graphing Accuracy 


Note: For a table that lists 
the number of pixels in a full 
screen or split screen, refer 
to “Setting and Exiting the 
Split Screen Mode” in 
Chapter 14. 


Floating-point (decimal) values in memory are stored using up to 14 
digits with a 3-digit exponent. 


¢ For min and max Window variables (xmin, xmax, ymin, ymax, etc.), 
you can store values using up to 12 digits. Other Window 
variables use 14 digits. 


e« When a floating-point value is displayed, the displayed value is 
rounded as specified by the applicable mode settings (Display 
Digits, Exponential Format, etc.), with a maximum of 12 digits and a 
3-digit exponent. 


¢« RegEQ displays up to 14-digit coefficients. 


Integer values in memory are stored using up to 614 digits. 


The Window variable xmin is the center of the leftmost pixel used, 
and xmax is the center of the rightmost pixel used. Ax is the distance 
between the centers of two horizontally adjacent pixels. 


e Axis calculated as (xmax - xmin) / (# of x pixels - 1). 


e If Ax is entered from the Home screen or a program, xmax is 
calculated as xmin + Ax * (# of x pixels - 1). 


The Window variable ymin is the center of the bottom pixel used, and 
ymax is the center of the top pixel used. Ay is the distance between 
the centers of two vertically adjacent pixels. 


¢ Ayis calculated as (ymax - ymin) / (# of y pixels - 1). 


e If Ay is entered from the Home screen or a program, ymax is 
calculated as ymin + Ay * (# of y pixels - 1). 


Cursor coordinates are displayed as eight characters (which may 
include a negative sign, decimal point, and exponent). The 
coordinate values (xc, yc, zc, etc.) are updated with a maximum of 
12-digit accuracy. 


566 Appendix B: Reference Information 


System Variables and Reserved Names 


Graph 


Graph Zoom 


Statistics 


Table 
Data/Matrix 
Miscellaneous 


Solver 


yl@x)-y99(x)* 


xt1(t)-xt99(t)* 


uil—ui99* 
tc 

xfact 
xmax 
ymax 

Ax 

zscl 
ncontour 
tmin 
tplot 
Estep 
nmax 


zxmin 
zymin 
ZXYes 
ztmin 
ztmaxde 
zzmax 
zeyey 
zpltstep 


xX 

=x? 

Ly? 
medsStat 
medyl 
minY 
regCoef* 
Sx 


tblStart 
c1-c99 
main 


eqn* 


yl'(t)-y99'(t)* 
ytl(t)— yt99(t)* 
xc 

rc 

yfact 

xscl 

yscl 

Ay 

eyed 

Omin 

tmax 

ncurves 

fldpic 

plotStrt 


zxmax 
zymax 
zO@min 
ztmax 
ztstepde 
zzScl 
znmin 


y 

xxy 

corr 
medx1 
medy2 
nStat 
regEq(x)* 
Sy 


Atbl 
sysData* 
ok 


exp* 


yil-yi99* 


r1(6)-199(6)* 


z1(x,y)-z99(x,y)* ul(n)—u99(n)* 


yc 
8c 

zfact 
xgrid 
ygrid 
zmin 
eyed 
@max 
tstep 
diftol 
fidres 
plotStep 


zxscl 
zyscl 
zOmax 
ztstep 
ztplotde 
zeyeO 
znmax 


tblInput 


errormum 


ZC 
nc 

xmin 
ymin 
xres 
zmax 
eyey 
Ostep 

to 

dtime 
nmin 
sysMath 


zxgrid 
zygrid 
zOstep 
ztOde 
zzmin 
zeyed 
zpltstrt 
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EOS (Equation Operating System) Hierarchy 


Order of Evaluation 


Parentheses, 
Brackets, and 
Braces 


Level Operator 


1 Parentheses (), brackets [ ], braces { } 
2 Indirection (#) 

3 Function calls 
4 


Post operators: degrees-minutes-seconds (°,',"), factorial (!), 
percentage (%), radian (" ), subscript ([ ]), transpose (7) 


Exponentiation, power operator (“) 


Negation (~) 


Multiplication (*), division (/) 
Addition (+), subtraction (-) 


10 Equality relations: equal (=), not equal (# or /=), 
less than (<), less than or equal (< or <=), greater than (>), 
greater than or equal (= or >=) 


5 
6 
7 String concatenation (&) 
8 
9 


11 Logical not 

12 Logical and 

13 Logical or, exclusive logical xor 
14 Constraint “with” operator (1) 
15 Store (>) 


All calculations inside a pair of parentheses, brackets, or braces are 
evaluated first. For example, in the expression 4(1+2), EOS first 
evaluates the portion of the expression inside the parentheses, 1+2, 
and then multiplies the result, 3, by 4. 


The number of opening and closing parentheses, brackets, and 
braces must be the same within an expression or equation. If not, an 
error message is displayed that indicates the missing element. For 
example, (1+2)/(3+4 will display the error message “Missing ).” 


Note: Because the TI-89 / TI-92 Plus allows you to define your own 
functions, a variable name followed by an expression in parentheses 
is considered a “function call” instead of implied multiplication. For 
example a(b+c) is the function a evaluated by b+c. To multiply the 
expression b+c by the variable a, use explicit multiplication: a*(b+c). 
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Indirection 


Post Operators 


Exponentiation 


Negation 


Constraint (|) 


The indirection operator (#) converts a string to a variable or 
function name. For example, #(“x”&’y’&’z”) creates the variable name 
xyz. Indirection also allows the creation and modification of 
variables from inside a program. For example, if 10>r and “r’>s1, then 
#s1=10. 


Post operators are operators that come directly after an argument, 
such as 5!, 25%, or 60° 15' 45". Arguments followed by a post operator 
are evaluated at the fourth priority level. For example, in the 
expression 4“3!, 3! is evaluated first. The result, 6, then becomes the 
exponent of 4 to yield 4096. 


Exponentiation (“) and element-by-element exponentiation (.”) are 
evaluated from right to left. For example, the expression 2’3“2 is 
evaluated the same as 24(3“2) to produce 512. This is different from 
(243)*2, which is 64. 


To enter a negative number, press [()] followed by the number. Post 
operations and exponentiation are performed before negation. For 
example, the result of ~x? is a negative number, and -9? =-81. Use 
parentheses to square a negative number such as (~9)* to produce 
81. Note also that negative 5 (~-5) is different from minus 5 (-5), and 
~3! evaluates as ~(3)). 


The argument following the “with” (1) operator provides a set of 
constraints that affect the evaluation of the argument preceding the 
“with” operator. 
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Regression Formulas 


Least-Squares 
Algorithm 


Regressions 


Most of the regressions use non-linear recursive least-squares 
techniques to optimize the following cost function, which is the sum 
of the squares of the residual errors: 


N 
J= )[residuattapression| : 
i=l 
where: residualExpression is in terms of x; and y; 
4%; is the independent variable list 


y; is the dependent variable list 
Nis the dimension of the lists 


This technique attempts to recursively estimate the constants in the 
model expression to make J as small as possible. 


For example, y=a sin(bx+c)+d is the model equation for SinReg. So 
its residual expression is: 


a sin(bx;+¢)+d-y; 


For SinReg, therefore, the least-squares algorithm finds the 
constants a, b, c, and d that minimize the function: 


N 
J= wc sin(ba;+0)+d—-yi} 
i=l 


Regression Description 

CubicReg _Uses the least-squares algorithm to fit the third-order 
polynomial: 
y=ax>+ba?+cx+d 
For four data points, the equation is a polynomial fit; 


for five or more, it is a polynomial regression. At 
least four data points are required. 


ExpReg Uses the least-squares algorithm and transformed 
values x and In(y) to fit the model equation: 


y=ab* 


LinReg Uses the least-squares algorithm to fit the model 
equation: 


y=ax+b 


where a is the slope and b is the y-intercept. 
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Regression 
LnReg 


Description 


Uses the least-squares algorithm and transformed 
values In(x) and y to fit the model equation: 


y=a+b In(v) 


Logistic 


Uses the least-squares algorithm to fit the model 
equation: 


y=a/(1+b#e* (cx) +d 


MedMed 


Uses the median-median line (resistant line) 
technique to calculate summary points x1, yl, x2, y2, 
x3, and y3, and fits the model equation: 


y=axt+b 


where a is the slope and b is the y-intercept. 


PowerReg 


Uses the least-squares algorithm and transformed 
values In(x) and In(y) to fit the model equation: 


y=ax? 


QuadReg 


Uses the least-squares algorithm to fit the second- 
order polynomial: 


y=ax?+bx+e 


For three data points, the equation is a polynomial fit; 
for four or more, it is a polynomial regression. At 
least three data points are required. 


QuartReg 


SinReg 


Uses the least-squares algorithm to fit the fourth- 
order polynomial: 


y=ax'+ba+cx7+dax+e 


For five data points, the equation is a polynomial fit; 
for six or more, it is a polynomial regression. At least 
five data points are required. 


Uses the least-squares algorithm to fit the model 
equation: 


y=a sin(bx+c)+d 
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Contour Levels and Implicit Plot Algorithm 


Algorithm Based on your x and y Window variables, the distance between xmin 
and xmax and between ymin and ymax is divided into a number of grid 
lines specified by xgrid and ygrid. These grid lines intersect to form a 
series of rectangles. 


For each rectangle, the equationis —21=(%1-¥1) Z3=f(X2,Y1) 
evaluated at each of the four E 

corners (also called vertices or e 

grid points) and an average value 

SE) cloud: z=f(Kye) ZaMX2,yo) 


214+2Z0+23+2Z4 
4 


The E value is treated as the value of the equation at the center of the 
rectangle. 


For each specified contour value 


(Ci): z,-C; 23-C; 
¢ At each of the five points 
shown to the right, the a a 
difference between the point’s os 
z value and the contour value 
is calculated. 22-C; 24-C; 


« Asign change between any two adjacent points implies that a 
contour crosses the line that joins those two points. Linear 
interpolation is used to approximate where the zero crosses the 
line. 


¢ Within the rectangle, any zero 


crossings are connected with ee, 
straight lines. ee <4 

¢ This process is repeated for ae 
each contour value. 


Each rectangle in the grid is treated similarly. 
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Runge-Kutta Method 


Bogacki-Shampine 
3(2) Formula 


The Bogacki-Shampine 3(2) formula provides a result of 3rd-order 
accuracy and an error estimate based on an embedded 2nd-order 
formula. For a problem of the form: 


y' = f(x, y) 


and a given step size h, the Bogacki-Shampine formula can be 
written: 


F,= f(y, Yn) 


Fr= fm +h5 9, +h5 Fi) 


Py= (0 +h 5, yy +h ZF) 


2 1 4 
You =Yn + h( SF, +5 Fe +5 Fs) 


nip =U th 
Fy = f (ps1) Ynsi) 


5 1 1 1 
t=h\ —F,-—F,--F,+<F. 
oe a ee ae ae ) 
The error estimate errest is used to control the step size 
automatically. For a thorough discussion of how this can be done, 
refer to Numerical Solution of Ordinary Differential Equations by 
L. F. Shampine (New York: Chapman & Hall, 1994). 


The TI-89 / TI-92 Plus software does not adjust the step size to land on 
particular output points. Rather, it takes the biggest steps that it can 
(based on the error tolerance diftol) and obtains results for 

Xn SUS Xp,,, using the cubic interpolating polynomial passing through 
the point (%,, y,) with slope F’, and through (%,,1, Yn.1) With slope Fy. 
The interpolant is efficient and provides results throughout the step 
that are just as accurate as the results at the ends of the step. 
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Service and Warranty Information 


Battery Information 


In Case of Difficulty........ ae 579 
Support and Service Information .. 580 
Warranty Information 581 


This appendix provides supplemental information that may be 
helpful as you use the TI-89 / TI-92 Plus. It includes procedures that 
may help you correct problems with the TI-89 / TI-92 Plus, and it 
describes the service and warranty provided by Texas 
Instruments. 


Fir [F2-] Fur [FS Fer 
Hebe alate Other] Pr aralD|c lean UF} 


. J [tsinen#]ax 
2 _ sini) costs 
2 2 


Jtsintxi*2, x 
HAIN RAD AUTO FUNC FATT i730 


BATT indicator 


When the BATT indicator appears in the status line, it is time to 
change the batteries. 
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Battery Information 


When to Replace 
the Batteries 


Note: The TI-89 uses four 
AAA size alkaline batteries. 


The TI-92 Plus uses four AA 
size alkaline batteries. 


Note: To avoid loss of 
information stored in 
memory, the 

TI-89 / TI-92 Plus must be 
off. Do not remove the 
alkaline batteries and the 
lithium battery at the same 
time. 


Effects of Replacing 


the Batteries 


Battery Precautions 


As the alkaline batteries run down, the display will begin to dim 
(especially during calculations). To compensate for this, you will 
need to adjust the contrast to a higher setting. If you find it necessary 
to increase the contrast setting frequently, you will need to replace 
the alkaline batteries. To assist you, a BATT indicator (BATT ) will 
display in the status line area when the batteries have drained down 
to the point when you should replace them soon. When the BATT 
indicator is displayed in reverse text (ii), you must replace the 
alkaline batteries immediately. 


Fir] Fe~ [Fe-( Fu [FE For 
Tools AT ebraplate| Other FramiO}C lean Ue] 


=| [tsineoy? atx 


sintxy-costxd 


Iésindxa*2, x) 
MAIN RAD AUTO 


FUME BATT 17°20 


BATT indicator 


To avoid loss of data, do not remove the lithium battery unless four 
fresh alkaline batteries are installed. Replace the lithium backup 
battery about every three or four years. 


If you do not remove both types of batteries at the same time or 
allow them to run down completely, you can change either type of 
battery without losing anything in memory. 


Take these precautions when replacing batteries: 
* Do not leave batteries within the reach of children. 


¢« Do not mix new and used batteries. Do not mix brands (or types 
within brands) of batteries. 


¢ Do not mix rechargeable and non-rechargeable batteries. 

¢ Install batteries according to polarity (+ and - ) diagrams. 

¢ Do not place non-rechargeable batteries in a battery recharger. 
¢ Properly dispose of used batteries immediately. 


* Do not incinerate or dismantle batteries. 
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Replacing the 1. If the TI-89 is on, turn it off (press [2nd] [OFF]) to avoid loss of 
Alkaline Batteries in information stored in memory. 


the TI-89 2. Slide the protective cover over the keyboard. 


3. Holding the calculator upright, push down on the battery cover 
latch, and then remove the cover. 


4. Remove all four discharged AAA batteries. 


5. Install four new AAA alkaline batteries, arranged according to the 
polarity (+ and -) diagram inside the battery compartment. 


Lithium battery [ 

es) 

Wi wa 

— || +i) — | + 
AAA alkaline 
batteries 

een 

__ of _ of 

lo U 


6. Replace the battery cover by inserting the two prongs into the 
two slots at the bottom of the battery compartment, and then 
push the cover until the latch snaps closed. 


Replacing the To replace the lithium backup battery, remove the battery cover and 
Lithium Battery in unscrew the tiny screw holding the BACK UP BATTERY cover in 
the TI-89 place 


Remove the old battery and install a new CR1616 or CR1620 battery, 
positive (+) side up. Replace the cover and the screw. 
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Replacing the 1. If the TI-92 Plus is on, turn it off (press [2nd] [OFF]) to avoid loss of 
Alkaline Batteries in information stored in memory. 


the TI-92 Plus 2. Holding the TI-92 Plus unit upright, slide the latch on the top of the 


unit to the left unlocked position; slide the rear cover down about 
one-eighth inch and remove it from the main unit. 


«—— Slide to open. top 


3. Remove all four discharged AA batteries. 


4. Install four new AA batteries as shown on the polarity diagram 
located in the battery compartment. 


AA alkaline batteries 


Lithium battery 


5. Replace the rear cover, and slide the latch on the top of the 
TI-92 Plus to the locked position to lock the cover back in place. 


6. Turn the TI-92 Plus on, and adjust the display contrast, if 


necessary. 

Replacing the To replace the lithium backup battery, remove the back cover from 
Lithium Battery in the unit and unscrew the tiny screw holding the lithium battery cover 
the TI-92 Plus TUpIESS 
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Remove the old battery and install a new CR2032, positive (+) side 
up. Replace the cover and the screw. 
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In Case of Difficulty 


Suggestions 


Note: Correcting a “lock up” 
will reset your 

TI-89 / TI-92 Plus and clear 
its memory. 


If: 


You cannot see anything 
on the display. 


Suggested action: 


Press [¢] [+] to darken or [¢] [-] to lighten 
the display contrast. 


The BATT indicator is 
displayed. 


Replace the batteries. If BATT is 
displayed in reverse text (Ei), 
replace the batteries as soon as 
possible. 


The BUSY indicator is 
displayed. 


The PAUSE indicator is 
displayed. 


A calculation is in progress. If you 
want to stop the calculation, press (ON). 


A graph or program is paused and the 
TI-89 / TI-92 Plus is waiting for input; 
press [ENTER]. 


An error message is 
displayed. 


The TI-89 / TI-92 Plus does 
not appear to be working 
properly. 


Refer to Appendix B for a list of error 
messages. Press [ESC] to clear. 


Press [ESC] several times to exit any 
menu or dialog box and to return the 
cursor to the entry line. 


—or— 
Be sure that the batteries are installed 
properly and that they are fresh. 


The TI-89 appears to be 
“locked up” and will not 
respond to keyboard 
input. 


The TI-92 Plus appears to 
be “locked up” and will 
not respond to keyboard 
input. 


1. Remove one of the four AAA 
batteries. 


2. Press and hold [(] and DJ as you 
reinstall the battery. 


3. Continue holding [(-)] and DJ for 
five seconds before releasing. 


Press and hold [2nd] and [&). Then press 
and release [ON]. 


—or— 
If [2nd] [€s) and [ON] do not correct the 
problem: 


1. Remove one of the four AA 
batteries. 


2. Press and hold [-)) and 1] as you 
reinstall the battery. 


3. Continue holding [-)) and LJ for five 
seconds before releasing. 
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Support and Service Information 


For General 
Information 


For Technical 
Questions 


For Product 
(hardware) Service 


E-mail: ti-cares@ti.com 

Phone: 1-800-TI-CARES (1-800-842-2737) 
For U.S., Canada, Mexico, Puerto Rico, and 
Virgin Islands only 

Home Page: education.ti.com 

Phone: 1-972-917-8324 


Customers in the U.S., Canada, Mexico, Puerto Rico and 
Virgin Islands: Always contact Texas Instruments Customer 
Support before returning a product for service. 


All other customers: Refer to the leaflet enclosed with this product 
(hardware) or contact your local Texas Instruments 
retailer/distributor. 
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Warranty Information 


Customers in the 
U.S. and Canada 
Only 


One-Year Limited Warranty for Commercial Electronic Product 


This Texas Instruments (“TI”) electronic product warranty extends 
only to the original purchaser and user of the product. 


Warranty Duration. This TI electronic product is warranted to the 
original purchaser for a period of one (1) year from the original 
purchase date. 


Warranty Coverage. This TI electronic product is warranted 
against defective materials and construction. THIS WARRANTY IS 
VOID IF THE PRODUCT HAS BEEN DAMAGED BY 
ACCIDENT OR UNREASONABLE USE, NEGLECT, 
IMPROPER SERVICE, OR OTHER CAUSES NOT ARISING 
OUT OF DEFECTS IN MATERIALS OR CONSTRUCTION. 


Warranty Disclaimers. ANY IMPLIED WARRANTIES ARISING 
OUT OF THIS SALE, INCLUDING BUT NOT LIMITED TO 
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR PURPOSE, ARE LIMITED IN 
DURATION TO THE ABOVE ONE-YEAR PERIOD. TEXAS 
INSTRUMENTS SHALL NOT BE LIABLE FOR LOSS OF USE 
OF THE PRODUCT OR OTHER INCIDENTAL OR 
CONSEQUENTIAL COSTS, EXPENSES, OR DAMAGES 
INCURRED BY THE CONSUMER OR ANY OTHER USER. 


Some states/provinces do not allow the exclusion or limitation of 
implied warranties or consequential damages, so the above 
limitations or exclusions may not apply to you. 


Legal Remedies. This warranty gives you specific legal rights, and 
you may also have other rights that vary from state to state or 
province to province. 


Warranty Performance. During the above one (1) year warranty 
period, your defective product will be either repaired or replaced 
with a reconditioned model of an equivalent quality (at TI’s option) 
when the product is returned, postage prepaid, to Texas Instruments 
Service Facility. The warranty of the repaired or replacement unit 
will continue for the warranty of the original unit or six (6) months, 
whichever is longer. Other than the postage requirement, no charge 
will be made for such repair and/or replacement. TI strongly 
recommends that you insure the product for value prior to mailing. 


Software. Software is licensed, not sold. TI and its licensors do not 
warrant that the software will be free from errors or meet your 
specific requirements. All software is provided “AS IS.” 


Copyright. The software and any documentation supplied with this 
product are protected by copyright. 
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Australia & New 
Zealand Customers 
only 


All Other Customers 


One-Year Limited Warranty for Commercial Electronic 
Product 


This Texas Instruments electronic product warranty extends only to 
the original purchaser and user of the product. 


Warranty Duration. This Texas Instruments electronic product is 
warranted to the original purchaser for a period of one (1) year from 
the original purchase date. 


Warranty Coverage. This Texas Instruments electronic product is 
warranted against defective materials and construction. This 
warranty is void if the product has been damaged by accident or 
unreasonable use, neglect, improper service, or other causes not 
arising out of defects in materials or construction. 


Warranty Disclaimers. Any implied warranties arising out of 
this sale, including but not limited to the implied warranties 
of merchantability and fitness for a particular purpose, are 
limited in duration to the above one-year period. Texas 
Instruments shall not be liable for loss of use of the product 
or other incidental or consequential costs, expenses, or 
damages incurred by the consumer or any other user. 


Some jurisdictions do not allow the exclusion or limitation of implied 
warranties or consequential damages, so the above limitations or 
exclusions may not apply to you. 


Legal Remedies. This warranty gives you specific legal rights, and 
you may also have other rights that vary from jurisdiction to 
jurisdiction. 


Warranty Performance. During the above one (1) year warranty 
period, your defective product will be either repaired or replaced 
with a new or reconditioned model of an equivalent quality (at TI’s 
option) when the product is returned to the original point of 
purchase. The repaired or replacement unit will continue for the 
warranty of the original unit or six (6) months, whichever is longer. 
Other than your cost to return the product, no charge will be made 
for such repair and/or replacement. TI strongly recommends that you 
insure the product for value if you mail it. 


Software. Software is licensed, not sold. TI and its licensors do not 
warrant that the software will be free from errors or meet your 
specific requirements. All software is provided “AS IS.” 


Copyright. The software and any documentation supplied with this 
product are protected by copyright. 


For information about the length and terms of the warranty, refer to 
your package and/or to the warranty statement enclosed with this 
product, or contact your local Texas Instruments retailer/distributor. 
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Programmer’s Guide 


setMode( ) and getMode( ) .........cecssseecseseeseeeceeeseeeeeeeseeeeeeesetereeeseeaeeeeee 584 
SCUGraph iii aise eetainicnconreiiomiiaacaninianin asad 587 
SeUMADleG) xii sctis8. cies drstas dale daaeyes estes avin tesstesin osce tte vaeen tants ectaad 589 


The parameter/mode strings used in the setMode( ), getMode( ), 
setGraph( ), and setTable( ) functions do not translate into other 
languages when used in a program. For example, when you write 
a program in the French Language mode then switch to the Italian 
Language mode, the program will produce an error. To avoid this 
error, you must substitute digits for the alpha characters. These 
digits operate in all languages. This appendix contains the digit 
substitutions for these strings. 


The following examples show how to substitute digits in the 
setMode( ) function. 


Example 1: A program using alpha parameter/mode strings: 


setMode("Graph","Sequence") 


Example 2: The same program, substituting digits for those 
strings: 


setMode("1","4") 
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setMode( ) and getMode( ) 


Parameter/Mode Setting Strings 
ALL 0 
Graph 1 
FUNCTION 1 
PARAMETRIC 2 
POLAR 3 
SEQUENCE 4 
3D 5 
DIFF EQUATIONS 6 
DisplayDigits 2 
FIX 0 1 
FIX 1 2 
FIX 2 3 
FIX 3 4 
FIX 4 5 
FIX 5 6 
FIX 6 7 
FIX 7 8 
FIX 8 9 
FIX 9 10 
FIX 10 11 
FIX 11 12 
FIX 12 13 
FLOAT 14 
FLOAT 1 15 
FLOAT 2 16 
FLOAT 3 17 
FLOAT 4 18 
FLOAT 5 19 
FLOAT 6 20 
FLOAT 7 21 
FLOAT 8 22 
FLOAT 9 23 
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Parameter/Mode Setting 
FLOAT 10 
FLOAT 11 
FLOAT 12 
Angle 
RADIAN 
DEGREE 


Strings 
24 
25 


Exponential Format 
NORMAL 
SCIENTIFIC. 
ENGINEERING 


Complex Format 
REAL 
RECTANGULAR 
POLAR 


oa};o mm 


= 


Vector Format 
RECTANGULAR 
CYLINDRICAL 
SPHERICAL 

Pretty Print 
OFF 
ON 


NP oOo mo = DO] WO LD 


= 


SplitScreen 
FULL 
TOP-BOTTOM 
LEFT-RIGHT 
Spliti App 


(applications are not numbered) 


Split2App 


(applications are not numbered) 


Number of Graphs 
4 
2 


—+ oj; 


o wo Nv 


10 
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586 


Parameter/Mode Setting Strings 
Graph 2 12 
FUNCTION 1 
PARAMETRIC 2 
POLAR 3 
SEQUENCE 4 
3D 5 
DIFF_EQUATIONS 6 
Split Screen Ratio 13 
11 1 
1:2 2 
2:1 3 
Exact/Approx 14 
AUTO 1 
EXACT 2 
APPROXIMATE 3 
Base 15 
DEC 1 
HEX 2 
BIN 3 
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setGraph( ) 


Parameter/Mode Setting 
Coordinates 

RECT 

POLAR 

OFF 
Graph Order 

SEQ 

SIMUL 


Strings 


Grid 
OFF 
ON 
Axes 
In 3D Mode: 
OFF 
AXES 
BOX 
Not in 3D Mode: 
OFF 
ON 
Leading Cursor 
OFF 
ON 


Labels 
OFF 
ON 


Seq Axes 
TIME 
WEB 
Custom 
Solution Method 
RK 
EULER 
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Parameter/Mode Setting Strings 


Fields 9 
SLPFLD 1 
DIRFLD 2 
FLDOFF 3 

DE Axes 10 
TIME 1 
Y1-VS-Y2 2 
T-VS-Y' 3 
Y-VS-Y' 4 
Y1-VS-Y2' 5 
Y1'-VS-Y2' 6 

XR Style 11 
WIRE FRAME 1 
HIDDEN SRUFACE 2 
CONTOUR LEVELS 3 
WIRE AND CONTOUR 4 
IMPLICIT PLOT 5 
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setTable( ) 


Parameter/Mode Setting Strings 
Graph <->Table 1 
OFF 1 
ON 2 
Independent 2 
AUTO 1 
ASK 2 
Axes 4 
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Index 


Symbols 

E, exponent, 441 

»Bin, display as binary, 345, 417 

»Cylind, display as cylindrical vector, 429 

»DD, display as decimal angle, 432 

»Dec, display as decimal integer, 345, 432 

»>DMS, display as degree/minute/second, 438 

Jf(x)dx (graph math tool), 122, 124 

»Hex, display as hexadecimal, 345, 456 

Alist( ), list difference, 463 

max window variable, 137 

omin window variable, 137 

»Polar, display as polar vector, 480 

»Rect, display as rectangular vector, 489 

»Sphere, display as spherical vector, 506 

éstep window variable, 137 

Atbl, table increment, 224 

AtmpCnv( ), temperature-range conversion, 
86, 514 

Ax window variable, 119, 566 

Ay window variable, 119, 566 

!, factorial, 8, 531, inside front cover, inside 
back cover 

"second notation, 536 

J(), integrate, 10 61 62 63 66 75,76, 532 

MI( ), product, 75, 533 

(), square root, 533 

X(), sum, 75, 533 

%, /=, not equal, 294, 529, 1 

<, <=, less than or equal, 294, 530. inside 
Sront cover, inside back cover 

>, >=, greater than or equal, 294, 530. inside 
Sront cover, inside back cover 

Z, angle, 535 

@, comment, 282, 539 inside front cover, 
inside back cover 

», convert, 85, 537 

°, degree notation, 400, 535, 536 

/, divide, 527 

#, indirection, 293, 534, 569. inside front 
cover, inside back cover 

oo, infinity, SO 

*, multiply, 527 

-, negate, 25 528 

" radian, 535 

>, store, 289, 539 

-, subtract, 526 

T transpose, 509 


%, percent, 528 

&, append, 293, 532. inside front cover, 
inside back cover 

*, minute notation, 536 

", prime, 536 

+, add, 526 

./, dot division, 531 

.*, dot multiplication, 531 

.-, dot subtraction, 5.31 

.+, dot addition, 530 

4, dot power, 531 

<, less than, 294, 529 

<<...>>, insufficient display memory, 103 

=, equal, 294, 529 

>, greater than, 294, 530 

@, arbitrary integer, SO inside front cover, 
inside back cover 

A, power, 534, 569 

_, underscore, 536 

|, with, 10 58 60 67 538, 569 

Ob, binary indicator, 539 

Oh, hexadecimal indicator, 539 

104( ), power of ten, 537 

x-1, reciprocal, 538 


3D graphing, 153 — 173. inside front cover, 
inside back cover 
animation, 15-4, 164) inside front cover, 
inside back cover 
CONTOUR LEVELS, 155, 166 
HIDDEN SURFACE, 155, 166 
WIRE AND CONTOUR, 155, 166 
WIRE FRAME, 155. 166 


A 

abs( ), absolute value, 402, 414 

accented characters, ?1, 324, 325, 326. inside 
back cover 

accuracy, 566 

activities. See examples, previews, activities 

add, +, 526 

Algebra menu, 70, 72 

algebra operations, 410 

and, Boolean and, 37, 294, 347, 414 

AndPic, and picture, 306, 415 

Angle mode, 41, 108, 551 
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A (continued) 

angle( ), angle, 415 

angle, 2,535 

angle, angle( ), 415 

ans( ), last answer, 50, 416 

APD (Automatic Power Down), 14 

append, &, 293, 532. inside front cover, inside 
back cover 

APPLICATIONS menu, 34. 38 

approx( ), approximate, 70, 416 

approximate answer. inside front cover, inside 
back cover 

Approximate mode, 29, 41, 54, 62,553 

approximate, approx( ), 70 416 

arbitrary integer, @, 8O inside front cover, 
inside back cover 

Arc (graph math tool), 122, 125, 138 

arc length, arcLen( ), 75 416 

arccosine, cos-\( ), 424 

Archive, archive variables, 289, 361,416 

arcLen( ), arc length, 75, 416 

arcsine, sin-( ), 501 

arctangent, tan-1( ), 511 

assembly language, 313, 314, 444 

augmeni( ), augment/concatenate, 388, 417 

augment/concatenate, augment( ), 388, 417 

Auto mode, 29, 41, 54, 63, 553 

automatic simplification, 64 

automatic tables, 226 

auto-paste, 52, 95 

avgRC( ), average rate of change, 417 

axes (sequence), CUSTOM, 146 

Axes graph format, 114, 181, 190, 191 

Axes settings, 162, 165 


B 
base code, 373, 374, 375, 376 
Base mode, 42, 554 
BATT message, 54,576, 579 
batteries, 2,)3, 14, 15, 54,576,577, 578, 579 
binary 
display, >Bin, 345. 417 
indicator, Ob, 539 
rotate, rotate( ), 348 
shift, shift( ), 348 
BldData, build data, 193, 289, 418 
Bogacki-Shampine formula, 573 
Boolean 
and, and, 67 294. 347, 414 
exclusive or, xor, 294, 347, 518 
not, not, 294, 473 
or, or, 294. 347, 475 
Box Plot, 266 
build 
data, BldData, 193, 289, 418 
table, Table, 305, 510 
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web, Build Web, 146 
Build Web, build web, 146, 147 
BUSY indicator, 54,115, 278 


Cc 
Calc menu, 75 
Calculator-Based Laboratory. See CBL 2/CBL 
Calculator-Based Ranger. See CBR 
calculus operations, 410 
CATALOG menu, 44 
CBL 2/CBL 
activity, 399 
get/return, Get, 451 
programs, 309, 399 
send list variable, Send, 494 
statistical data, 272, 273 
CBR 
get/return, Get, 451 
programs, 309, 399 
send list variable, Send, 494 
statistical data, 272, 273 
ceiling( ), ceiling, 389, 418 
certificate, 369, 373, 374, 375, 376, 377, 378 
cFactor( ), complex factor, 71, 406, 419, 564 
CHAR (character) menu, 34 
char( ), character string, 293, 419, 555 
characters 
accented, 21,324, 325 326. inside back cover 
codes, 555 
Greek, 325, 326 327. inside front cover, 
inside back cover 
menu, 34 
numeric code, ord( ), 293. 476, 555 
special, 21,324, 325 
string, char( ), 293, 419, 555 
symbols, 21,325 
uppercase/lowercase, .?1, 319. inside front 
cover 
circle 
drawing, 214 
graphing, 106 
Circle, draw circle, 308, 420 
Circular definition error, 289 
Clean Up menu, 43 
clear 
drawing, CilrDraw, 213. 307, 420 
error, ClrErr, 310, 420 
graph, ClrGraph, 205, 305, 340, 420 
home, ClrHome, 421 
YO, CirlO, 279. 302. 421 
clipboard, 95, 96, 321 
ClrDraw, clear drawing, 213, 307, 420 
ClrErr, clear error, 310, 420 
ClirGraph, clear graph, 205, 305, 340, 420 
ClirHome, clear home, 421 
CirlO, clear I/O, 279, 302, 421 
cobweb plot. See web plots 


C (continued) 
colDim( ), matrix column dimension, 421 
colNorm( ), matrix column norm, 421 
combinations, nCr(), 470 
comDenon(( ), common denominator, 70, 71 
74421 
command mark, 328 
command scripts, 74, 328, 329 
activity, 392 
commands, 409 — 540 


comment, @, 282, 539, inside front cover, inside 


back cover 
common denominator, comDenom( ), 70 71 
74 421 
complex 
conjugate, conj( ), 422 
factor, cFactor( ), 71 406, 419, 564 
mode, Complex Format, 41, 551 
modulus surface, 170 
numbers, 8, 563 — 565 
solve, cSolve( ), 61 425, 564 
tables, 227 
zeros, cZeros( ), 61 71/430, 564 
Complex Format mode, 41,551 
Complex menu, 71 
conj( ), complex conjugate, 422 
Constant Memory, 14 
constants, 81 — 92 83 
predefined, 89, 90. 91 
contour plots, 167, 168, 169 
DrwCtour, draw contour, 168 
contour-level graphing, 155, 166, 572 
contrast, adjusting, 4, 15. inside front cover, 
inside back cover 
convert, ), 85, 537 
Coordinates graph format, 114, 137 
copy, 95 96, 321. inside back cover 
CopyVar, copy variable, 289, 358, 422 
cos-1( ), arccosine, 424 
cos( ), cosine, 423 
cosh-(( ), hyperbolic arccosine, 424 
cosh( ), hyperbolic cosine, 424 
crossP( ), cross product, 425 
cSolve( ), complex solve, 51, 425, 564 
CubicReg, cubic regression, 261, 428, 570 
cumSum(( ), cumulative sum, 250, 428 
Current folder mode, 41,550 
cursor 
3D graph, 160 
free-moving, 116, 132, 138, 145, 159, 183 
hidden surface, 161 
moving, 16, 17 32 inside front cover, inside 
back cover 
off the curve, 161 
trace, 117 
CustmOff, custom toolbar off, 37,428 
CustmOn, custom toolbar on, 37,428 


CUSTOM axes (sequence), 146 
CUSTOM custom plots, 142, 190, 191 
CUSTOM menu, 34, 37 

custom plots, CUSTOM, 142, 190, 191 
custom toolbar. See toolbar 

Custom Units mode, 42, 554 

Custom, define toolbar, 302, 429 

cut, 95 321. inside back cover 

Cycle, cycle, 429 

CyclePic, cycle picture, 219, 306, 429 
cylindrical vector display, >Cylind, 429 
cZeros( ), complex zeros, 51, 71, 430, 564 


D 
d(), first derivative, 10 66 75 76 432 
darker/lighter, 4, 15. inside front cover, inside 
back cover 
data (new), NewData, 471 
data filtering, 396 
data plots, 254 
Data/Matrix Editor, 203, 237 — 252. See also 
matrices 
Auto-calculate, 249 
cell width, 245 
column header, 248, 249, 250 
copying, 252 
creating, 241, 242 
data variable, 240, 241, 242 
deleting, 246, 247 
filling, 244 
inserting, 246, 247 
list variable, 239, 241,242 
locking, 248 
matrix variable, 239, 240, 241, 242 
new, NewData, 240, 249, 289 
scrolling, 244 
shift, shift( ), 250, 499 
sorting columns, 251 
statistical plots, 264 
values, 243 
variables, 240, 241, 242 
decimal 
angle display, DD, 432 
integer display, »Dec, 345. 432 
define toolbar, Toolbar, 302. 515 
Define, define, 77, 97, 110, 130, 142, 157, 179, 
196, 204, 207, 287, 289, 305, 384, 433 
degree notation, °, 400. 535, 536 
degree/minute/second display, PDMS, 433 
deleting 
folder, DelFold, 102. 289. 434 
variable, DelVar, 60) 77 | 102. 289, 291, 434 
DelFold, delete folder, 102, 289, 434 
DelVar, delete variable, 50, 77, 102, 289, 291, 
434 
denominator, 421 
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D (continued) 

derivatives, 10 
first derivative, d (), 10 66 75\ 76) 432 
numeric derivative, nDeriv( ), 75 470 


Derivatives (graph math tool), 122, 124, 132, 


138 
deSolve( ), solution, 75, 196, 434 
det( ), matrix determinant, 436 
diag( ), matrix diagonal, 436 
dialog boxes, 35 
Dialog, define dialog box, 302, 437 
differential equations 
DIRFLD, direction field, 180, 185, 198 
first order, 186, 196 
FLDOFF, field off, 180, 185, 199 
graphing, 175 — 199 
initial conditions, 184 
second order, 187, 196 
SLPFLD, slope field, 180, 185, 197 
solution methods, 180, 193, 573 
third order, 189 
troubleshooting, 197 
diftol window variable, 182 
dim( ), dimension, 293, 437 
DIRFLD, direction field, 180, 185, 198 
Disp, display I/O screen, 277, 283, 302, 310 
437, 555 
DispG, display graph, 302, 305, 438 
DispHome, display Home screen, 302, 438 
display 
graph, DispG, 302. 305, 438 
Home screen, DispHome, 302. 438 


V/O screen, Disp|277, 283, 302) 310) 437) 555 


table, DispTbl, 302, 305, 438 
display as 

binary, »Bin, 345, 417 

cylindrical vector, »>Cylind, 429 

decimal angle, DD, 432 

decimal integer, »Dec, 345, 432 

degree/minute/second, »DMS, 438 

hexadecimal, pHex, 345, 456 

polar vector, }Polar, 480 

rectangular vector, >Rect, 489 

spherical vector, \Sphere, 506 
Display Digits mode, 31, 41/550 
DispTbIl, display table, 302, 305, 438 


Distance (graph math tool), 122, 125, 132, 138 


divide, /, 527 

domain constraints, 69 

dot 
addition, .+, 530 
division, ./, 531 
multiplication, .*, 531 
power, .4, 531 
product, dotP( ), 439 
subtraction, .-, 531 

dotP( ), dot product, 439 
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DrawFunc, draw function, 212, 308, 439 
drawings and drawing 

circle, Circle, 308, 420 

circles, 214 

clearing, ClrDraw, 307, 420 

contour, DrwCtour, 308, 441 

erasing, 214 

freehand, 213 

function, DrawFunc, 212. 308, 439 

horizontal line, LineHorz, 308. 461 

inverse, Drawlnv, 212, 308, 439 

line, Line, 308. 461 

lines, 214,215 

on a graph, 307 

parametric, DrawParm, 212. 308, 439 

Pencil, 213 

polar, DrawPol, 212. 308. 440 

slope, DrawSlp, 215, 308, 440 

tangent line, LineTan, 308. 462 

vertical line, LineVert, 308, 462 
Drawlnv, draw inverse, 212, 308, 439 
DrawParm, draw parametric, 212, 308, 439 
DrawPol, draw polar, 212, 308, 440 
DrawSlp, draw slope, 215, 308, 440 
DropDown, drop-down menu, 302, 440 
DrwCtour, draw contour, 168, 308, 441 
dtime window variable, 182 


E 
e, natural log base, 80 
e(), e to a power, 441 
editing, 32 
eigVc( ), eigenvector, 442 
eigVI( ), eigenvalue, 442 
Else, else, 296, 456 
Elself, else if, 207, 296, 442 
end 
custom, EndCustm, 302. 429 
dialog, EndDlog, 302, 437 
for, EndFor, 283, 297, 450 
function, EndFunc, 207, 286, 451 
if, Endlf, 283, 295, 456 
loop, EndLoop, 299. 466 
program, EndPrgm, 276. 287, 481 
toolbar, EndTBar, 302, 515 
try, EndTry, 310, 515 
while, EndWhile, 298, 518 
EndCustm, end custom, 302, 429 
EndDlog, end dialog, 302, 437 
EndFor, end for, 283, 297, 450 
EndFunc, end function, 207, 286, 451 
Endlf, end if, 283, 295, 456 
EndLoop, end loop, 299, 466 
EndPrgm, end program, 276, 287, 481 
EndTBar, end toolbar, 302, 515 
EndTry, end try, 310, 515 
EndWhile, end while, 298, 518 


E (continued) 
entry( ), entry, 50, 443 
EOS (Equation Operating System), 568 
equal, =, 294, 529 
Equation Operating System (EOS), 568 
equations, solving, 333 — 341 
errors and troubleshooting, 579, 580 
Circular definition, 289 
clear error, ClrErr, 310, 420 
Memory error, 364 
messages, 542 — 549 
Out-of-memory, 79 
pass error, PassErr, 310, 479 
programs, 310 
transmission, 369, 377 
warnings, 549 
Estep window variable, 182 
Euler method, 180, 193 
evaluate polynomial, polyEval( ), 480 
exact( ), exact, 443 
Exact/Approx mode, 29, 41, 54, 61, 62, 63. 553 
examples, previews, activities 
3D graphing, 154, 390 
baseball, 400 
CBL 2/CBL program, 399 
complex factors, 406 
complex modulus surface, 170 
complex numbers, 8. 
complex zeroes, 402 
constants, 82 
converging web plots, 148 
cos(x)=sin(x) activity, 389 
cubic polynomial, 402 
data filtering, 396 
data/matrix editor, 238 
decomposing a rational function, 394 
derivatives, 10 
differential equations, 176 
diverging web plots, 14S 
expanding expressions, 9 
factorial, 8 
factoring polynomials, 9. 72 
Fibonacci sequence, 151 
function graphing, 106 
graphing functions, 11 
implicit plots, 173 
integrals, 10 
memory management, 350, 351, 352 
number bases, 344 
numeric solver, 334 
oscillating web plots, 149 
parametric graphing, 128, 400 
path of a ball, 128 
piecewise functions, 202 
polar rose, 134 
pole-corner problem, 384 
population, 254 — 257 


preditor-prey model, 150, 191 
prime factors, 8 
programming, 276, 277, 311, 312 
Pythagorean theorem, 384 
quadratic formula, 386 
rational factors, 406 
real factors, 406 
reducing expressions, 9 
sampling, 407 
second-order differential equation, 187, 196 
sequence graphing, 140 
solving linear equations, ), 10, 73 
split screen, 232, 400 
standard annuity, 404 
statistics, 254 — 257 
symbolic manipulation, 58 
tables, 222 
text operations, 316 
third-order differential equation, 189 
time value of money, 405 
trees and forest, 140 
tutorial script with the text editor, 392 
units of measurement, 82 
variable management, 350, 351, 352 
exclusive or (Boolean), xor, 294. 347, 518 
exclusive or picture, XorPic, 306, 519 
Exec, execute assembly language, 314, 444 
execute program, Prgm, 276, 287, 481 
Exit, exit, 444 
expplist( ), expression to list, 444 
expand( ), expand, , 70, 72, 386, 402, 445 
exponent, £, 441 
Exponential Format mode, 31, 41,551 
expr( ), string to expression, 292, 293, 301, 381, 
446 
ExpReg, exponential regession, 261, 446, 570 
expressions, 26, 27, 32 
expanding, 9 
expression to list, expplist( ), 444 
reducing, 9 
string to expression, expr( ), 292. 293, 301, 
381, 446 
Extract menu, 71 
eyey rotation window variable, 158, 162, 163 
eyeé x-axis window variable, 158,162 
eyed z-axis window variable, 158, 162, 163 


F 

factor‘( ), factor, 3, 9, 51, 70, 72, 387, 406, 447 

factorial, !, 8,531, inside front cover, inside 
back cover 

factoring, 9.72 
activity, 406 

false message, SO 

family of curves, 208, 209 

Fibonacci sequence, 151 

Field graph format, 180 
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field off, FLDOFF, 180. 185, 199 
field picture, fldpic, 183 
Fill, matrix fill, 448 
Flash applications, 4,38 45 79 353, 356. inside 
Sront cover, inside back cover 
deleting, 369 
Flash, upgrading product code, 373, 374 
FLDOFF, field off, 180, 185, 199 
fldpic, field picture, 183 
fldres window variable, 182 
floor( ), floor, 389, 448 
fMax( ), function maximum, 51, 75,448 
fMin( ), function minimum, 51, 75, 449 
FnOff, function off, 711, 305, 449 
FnOn, function on, 111, 305, 449 
folders, 41, 100, 550 
delete, DelFold, 102. 289, 434 
deleting, 357 
get/return, getFold(), 453 
locking/unlocking, 358 
new, NewFold, 101, 289, 471 
pasting name, 359 
renaming, 358 
setting, setFold(), 101, 300, 495 
transmitting, 367, 368 
VAR-LINK, 102. 356. 357, 358 
For, for, 283, 297, 450 
format( ), format string, 293, 302, 450 
FORMATS dialog box, 114, 155, 165, 166, 167, 
171, 176, 245, 325. inside front cover, inside 
back cover 
fpart( ), function part, 451 
fractions, 70, 74, 394, 482 
free-moving cursor, !16, (32, '38, 145, 159, 183 
Frobenius norm, norm( ), 473 
Func, program function, 207, 286, 451 
functions, 26 409 — 540 
delayed simplification, 66 
graphing, 105 — 126 
maximum, fMax(), 61) 75, 448 
minimum, fMin(), 61 75 449 
multistatement, 207 
off, FnOff, 171) 305, 449 
on, FnOn, 711, 305, 449 
part, fpart(), 451 
program function, Func, 207, 286, 451 
user-defined, 4677 78 97-99 157, 205, 
207, 285, 286, 433 


G 
Garbage collection message, 362, 363 
gcd( ), greatest common divisor, 451 
Get, get/return CBL/CBR value, 272,309,451 
get/return 
calculator, GetCalc, 309, 371, 452 
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CBL/CBR value, Get, 272. 309, 451 

configuration, getConfg( ), 300, 452 

denominator, getDenom( ), 71 452 

folder, getFold( ), 289. 300, 453 

key, getKey( ), 301. 453. 556, 559 

mode, getMode( ), 300, 453 

number, getNum( ), 71 453 

type, getType( ), 59) 454 

units, getUnits( ), 300, 454 
GetCalc, get/return calculator, 309, 371, 452 
getConfg( ), get/return configuration, 300, 452 
getDenon( ), get/return denominator, 71,452 
getFold( ), get/return folder, 289, 300 
getKey( ), get/return key, 301, 453, 556, 559 
getMode( ), get/return mode, 300, 453 
getNum( ), get/return number, 71, 453 
getType( ), get/return type, 59, 454 
getUnits( ), get/return units, 300, 454 
global variables, 291 
Goto, go to, 287, 296, 299, 455 
Graph 2 mode, 41, 553 
Graph mode, 41, 54, 108, 130, 136, 142, 157, 

179, 550 
Graph Order graph format, 114, 180 
Graph, graph, 110, 202, 205, 208, 305, 455 
Graph<->Table, table-graph, 224 
graphical user interface, GUI, 302 
graphs and graphing 

Jf(x)dx, 122, 124 

3D, 153 - 173 

animation, 219 

Arc, 122. 125, 138 

clearing, ClrGraph, 205. 305, 340, 420 

contour plots, 167, 168, 169 

coordinates, 11,116 inside front cover, 

inside back cover 

custom axes, 146 

custom plots, 142, 190, 191 

Derivatives, 122, 124, 132, 138 

differential equations, 175 \— 199 

Distance, 122, 125, 132, 138 

drawing, 213 - 216, 307 

family of curves, 208, 209 

formats, 114, 137, 144, 180 

functions, 105 — 126 

functions off, FnOff, 305, 449 

functions on, FnOn, 305, 449 

graph databases, 220 

graph, Graph, 205. 305, 455 

Home screen, 204, 205 

implicit plots, 171, 172, 173 

independent variable, 204 

Inflection, 122, 124 

Intersection, 122, 123 

inverse functions, 212 

line styles, 112, 131, 136, 143, 157, 179 

math functions, 122 


G (continued) 
matrix data, 203 
Maximum, 122. 123 
Minimum, 17) 122, 123 


modes, 41/54) 108, 130. 136) 142) 157) 179| 


550 

native independent variable, 204 

nested functions, 206 

operations, 410 

overview, 107, 129, 135, 141, 156, 178 

panning, 118 

parametric, 127 -— 132 

pausing, 115 

pictures, 217, 218 

piecewise functions, 206 

pixels, 566 

polar, 133 -— 138 

programs, 305 

QuickCenter, 118 

recall graph database, RcIGDB, 306. 488 

selecting functions, (11, 131, 143,179 

sequence, 139 -— 151 

setting, setGraph( ), 300, 305, 495 

Shade, 122, 126 

shading, Shade, 308, 498 

simultaneous graphs, 208 

split screen, 209, 211, 233 

store graph database, StoGDB, 306, 507 

style, Style, 305, 508 

Tangent, 122. 125, 132, 138 

text, 216 

time plots, 142, 146, 190, 191 

trace, Trace, 117, 305, 390, 398. 399, 402, 
515 


tracing, 11,117, 118,132, 138) 145) 159) 183 


two-graph mode, 209, 210, 233 
Value, 122. 123, 132. 138, 145, 159, 183 


viewing window, !13, 131, \137, 143, 144) 158 


web plots, 142, 146, 147 
window variables, 113, 131, 137, 143, 144, 
158 


Y= editor, 106, /109,130,1136) 142) 157) 179, 


204 
Zero, 122, 123 
zoom, 119, 132, 138, 145, 159, 305 
zoom factors, 119, 121 
zoom Memory, 119. 121 
greater than or equal, >, >=, 294, 530. inside 
Sront cover, inside back cover 
greater than, >, 294, 530 
greatest common divisor, gcd( ), 451 
Greek characters, 325, 326, 327. inside front 
cover, inside back cover 
Grid graph format, 114 
GUI, graphical user interface, 302 


H 
hexadecimal 
display, Hex, 345, 456 
indicator, Oh, 539 
hidden surface, 155, 161, 166 
highlighting text, 32 |320, inside front cover, 
inside back cover 
Histogram, 267 
history area, 6,23 329 
Home screen, 6,23 
hyperbolic 
arccosine, cosh-1( ), 424 
arcsine, sinh-1( ), 502 
arctangent, tanh-'( ), 511 
cosine, cosh( ), 424 
sine, sinh( ), 502 
tangent, tanh( ), 571 


/ 

ID list, 378, 379 

ID number, 35, 373, 378, 379 
identity( ), identity matrix, 456 
If, if, 207, 283, 295, 296, 456 
imag( ), imaginary part, 457 
implicit plots, 171, 172, 173, 572 
implied multiplication, 26, 130 


independent auto/ask, Independent AUTO/ASK, 


224) 226) 229 


indirection, #, 293, 534, 569. inside front cover, 


inside back cover 
infinity, -, SO 
Inflection (graph math tool), 122, 124 
initial conditions, 184 
Input, input, 301, 305, 457 
InputSt, input string, 292, 301, 371, 458 
inString( ), within string, 293, 458 
instructions, 26 
insufficient display memory, <<...>>, 103 
int( ), integer, 458 
intDiv( ), integer divide, 346, 458 
integer part, iPart( ), 140, 459 
integer, int( ), 458 
integrate, |(), 1061 62) 63 66.75 76, 532 
Intersection (graph math tool), 122, 123 
inverse, x", 538 
iPart( ), integer part, 140, 459 
isPrime( ), prime test, 459 
Item, menu item, 302, 303, 459 
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K 

keyboard, 16,17 

alpha] (alpha) key, 18 

+] (diamond) key, 18 

] (hand) key, 18 

2nd] (second) key, 18 

t] (shift) key, 18 

key codes, 301; 556 — 562 

map, 324 325, inside front cover, inside back 
cover 

shortcuts, 325, inside front cover, inside back 
cover 


L 
lab reports, 330, 331 
label, Lbl, 287, 296, 299, 459 
Labels graph format, 114 
language, 4 
Language mode, 42, 554 
last answer, 20 28 49 51 
last entry, 20 49 50 
Lbl, label, 287, 296, 299, 459 
Icm, least common multiple, 460 
Leading Cursor graph format, 114 
least common multiple, lem, 460 
left( ), left, 71,293, 460 
less than or equal, <, <=, 294, 530, inside front 
cover, inside back cover 
less than, <, 294, 529 
lighter/darker, 4, 15. inside front cover, inside 
back cover 
limit( ), limit, 66, 75, 76, 460 
Line, draw line, 308, 461 
linear regression, LinReg, 261, 462, 570 
LineHorz, draw horizontal line, 308, 461 
LineTan, draw tangent line, 308, 462 
LineVert, draw vertical line, 308, 462 
linking and transmitting, 365 — 381) 494 
calculator to calculator, 309, 366, 367, 371, 
a2 
cancelling, 368 
compatibility, 380, 381 
errors, 369, 376, 377 
Flash applications, 367, 370 
folders, 367, 368, 369 
get/return CBL/CBR value, Get, 272. 309, 451 
incompatibility, 380, 381 
program, 309, 371 
send chat, SendChat, 309, 371 
send list variable, Send, 309, 494 
send to calculator, SendCalc, 309, 371 
variables, 367, 368 
LinReg, linear regression, 261, 462,570 
list difference, Alist(), 463 
lispmat( ), list to matrix, 249, 463 
lists. See also data/matrix editor 
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augment/concatenate, augment( ), 417 
Auto-calculate, 249 
column header, 248, 249, 250 
copying, 252 
creating, 241, 242 
cross product, crossP( ), 425 
cumulative sum, cumSum( ), 250, 428 
deleting, 246,247 
difference, Alist( ), 463 
dimension, dim( ), 437 
dot product, dotP( ), 439 
expression to list, expplist( ), 444 
inserting, 246, 247 
list to matrix, listmat( ), 249, 463 
locking, 248 
matrix to list, matlist(), 467 
maximum, max( ), 467 
mid-string, mid( ), 468 
minimum, min( ), 469 
new data, NewData, 240) 249) 289) 471 
new, newList( ), 471 
operations, 410 
product, product( ), 482 
sort ascending, SortA, 506 
sort descending, SortD, 506 
sorting columns, 251 
summation, sum( ), 492, 508 
table variables, 230 
variables, 239, 241, 242 
In(), natural logarithm, 463 
LnReg, logarithmic regression, 261, 464, 571 
Local, local variable, 286, 288, 289, 290, 464 
localization, 4 
Lock, lock variable, 289, 464 
log( ), logarithm, 465 
logarithms, 463, 465 
Logistic, logistic regression, 261, 465, 571 
Loop, loop, 299, 466 
LU, matrix lower-upper decomposition, 466 


M 

matplist( ), matrix to list, 467 

MATH menu, 34, 122 

math operations, 411 

matrices. See also data/matrix editor 
augment/concatenate, augment( ), 388, 417 
Auto-calculate, 249 
column dimension, colDim( ), 421 
column header, 248, 249, 250 
column norm, colNorm( ), 421 
copying, 252 
creating, 241,242 
cumulative sum, cumSum( ), 250, 428 
data from a graph, 203 
deleting, 246, 247 
determinant, det( ), 436 
diagonal, diag( ), 436 


M (continued) 
dimension, dim( ), 437 
dot addition, .+, 530 
dot division, ./, 531 
dot multiplication, .*, 531 
dot power, .4, 531 
dot subtraction, .-, 531 
eigenvalue, eigVI( ), 442 
eigenvector, eigVc( ), 442 
filling, Fill, 448 
identity, identity( ), 456 
inserting, 246, 247 
list to matrix, list}mat( ), 463 
locking, 248 
lower-upper decomposition, LU, 466 
matrix to list, matlist( ), 467 
maximum, max( ), 467 
minimum, min( ), 469 
new data, NewData, 289, 471 
new, newMat( ), 471 
operations, 411 
pretty print, 240 
product, product( ), 482 
QR factorization, QR, 485 
random, randMat( ), 388, 488 
reduced row echelon form, rref( ), 73 |388. 
493 
row addition, rowAdd( ), 492 
row dimension, rowDim( ), 492 
row echelon form, ref( ), 490 
row multiplication and addition, 
mRowAdd( ), 470 
row norm, rowNorm( ), 493 
row operation, mRow( ), 469 
row swap, rowSwap( ), 493 
sorting columns, 251 
submatrix, subMat( ), 508 
summation, sum( ), 492, 508 
transpose, ', 509 
variables, 239, 240, 241, 242 
matrix to list, mablist( ), 467 
max( ), maximum, 467 
Maximum (graph math tool), 122, 123 
mean( ), mean, 467 
median( ), median, 467 
MedMed, medium-medium line regression, 262, 
468, 571 
memory, 349 — 364 
archiving, Archive, 289, 361, 416 
checking, 353, 354 
insufficient display memory, <<...>>, 103 
resetting, 353, 354 
unarchive, Unarchiv, 289, 361, 516 
VAR-LINK screen, 355, 356, 357, 358, 361 
Memory (zoom), 119, 121 
Memory error, 364 
menu item, Item, 302. 303, 459 


menus, 34 
Algebra, 70) 72 
APPLICATIONS, 34 38 
Calc, 75 
CATALOG, 44 
CHAR (character), 34 
Clean Up, 43 
Complex, 71 
CUSTOM, 34 |37)/303, 304 
Extract, 71 
MATH, 34 122 
toolbar, 34, 37 
Trig, 71 
using, 34 
messages. See also errors and troubleshooting 
BATT, 54576, 579 
false, SO 
Garbage collection, 362, 363 
insufficient display memory, <<...>>, 103 
true, 80 
undef (undefined), 80 
mid( ), mid-string, 293, 468 
min( ), minimum, 469 
Minimum (graph math tool), 11, 122, 123 
minute notation, ', 536 
mod( ), modulo, 469 
modes, 40550 — 454 
Angle, 41 108, 551 
Approximate, 29 |41\ 54 62,553 
Auto, 29 41 54 63 553 
Base, 42 554 
Complex Format, 41) 551 
Current folder, 41 550 
Custom Units, 42) 554 
Display Digits, 31/41) 550 
Exact/Approx, 29 41 54 61 62,63)553 
Exponential Format, 31 41) 551 
get/return, getMode( ), 300. 453 
Graph, 41 54 108, 130, 136, 142, 157, 179. 
550 
Graph 2, 41 553 
Language, 42 554 
Number of Graphs, 41 553 
Pretty Print, 29 41 552 
setting in programs, 300 
setting, setMode( ), 300. 305, 496 
Split App, 41) 553 
Split Screen, 41) 552 
Unit System, 42) 82) 554 
Vector Format, 41 552 
modulo, mod( ), 469 
MoveVar, move variable, 289, 469 
mRow( ), matrix row operation, 469 
mRowAdd( ), matrix row multiplication and 
addition, 470 
multiply, +, 527 
multistatement functions, 207 
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N 
natural log base, e, 80 
natural logarithm, In( ), 463 
ncontour window variable, 158 
nCr( ), combinations, 470 
ncurves window variable, 182 
nDeriv( ), numeric derivative, 75,470 
negate, -,.25 528 
new 
data, NewData, 240, 249. 273. 289, 471 
folder, NewFold, 101. 289, 471 
list, newList( ), 471 
matrix, newMat( ), 477 
picture, NewPic, 289. 306, 471 
plot, NewPlot, 266, 305, 472 
problem, NewProb, 43 472 
NewData, new data, 240, 249, 273, 289, 471 
NewFold, new folder, 101, 289, 471 
newList( ), new list, 471 
newMat( ), new matrix, 471 
NewPic, new picture, 289, 306, 471 
NewPlot, new plot, 266, 305, 472 
NewProb, new problem, 43, 472 
nint( ), numeric integral, 75, 472 
nmax window variable, 143, 144 
nmin window variable, 143, 144 
norm( ), Frobenius norm, 473 
not (Boolean), not, 294. 473 
not equal, 4, /=, 294. 529, 1 
not, Boolean not, 294, 473 
nPr( ), permutations, 474 
nSolve( ), numeric solution, 70, 474 
number bases, 343 — 348 
Boolean operations, 347 
conversions, 345 
math operations, 346 
Number of Graphs mode, 41, 553 
numbers 
complex, 563 — 565 
irrational, 61, 62 
negative, 25 
rational, 61,62, 63 
numeric 
derivative, nDeriv( ),.75 470 
integral, nInt(), 75 472 
solution, nSolve( ), 70 474 
numeric solver, 333 — 341 
equations, 335, 336 
graphing, 340 
split screens, 340 
variables, 336 


O 

owoff, 4 7,14, inside front cover, inside back 
cover 

OneVar, one-variable statistics, 261,475 
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operations, 409 — 540 

operators, 26 

or, Boolean or, 294, 347, 475 

ord( ), numeric character code, 293, 476, 555 
Out-of-memory error, 79 

Output, output, 302, 476 


P 
P>Rx( ), rectangular x coordinate, 476 
P>Ry( ), rectangular y coordinate, 476 
panning, 118 
parallelepiped activity, 390 
parametric graphing, 127 -— 132 
parentheses, brackets, and braces, 27, 568 
part( ), part, 477 
PassErr, pass error, 310, 479 
paste, 95 96, 321. inside back cover 
PAUSE indicator, 54 
Pause, pause, 302, 310, 479 
percent, %, 528 
permutations, nPr( ), 474 
pictures, 217,218 

and, AndPic, 306, 415 

cycle, CyclePic, 306, 429 

deleting, 218 

exclusive or, XorPic, 306, 519 

new, NewPic, 289. 306, 471 

recall, ReIPic, 306, 489 

replace, RplePic, 306, 493 

storing, StoPic, 306, 507 
piecewise functions, 202, 206 
pixel 

change, PxIChg, 307, 483 

circle, PxICrel, 308, 483 

horizontal line, PxlHorz, 308, 484 

line, PxILine, 216, 308, 484 

off, PxlOff, 307) 484 

on, PxlOn, 216. 307, 484 

test, pxITest( ), 307, 484 

text, PxIlText, 307, 485 

vertical line, PxIVert, 308, 485 
plots 

clearing, 265 

data, 254 — 257 

new, NewPlot, 266. 305, 472 

off, PlotsOff, 111, 305, 480 

on, PlotsOn, 111, 305, 480 

selecting, 265, 268 

tracing, 269 

viewing window, 269 

Y= Editor, 268, 269 
PlotsOff, plots off, 111, 305, 480 
PlotsOn, plots on, 111, 305, 480 
plotStep window variable, 143, 144 
plotStrt window variable, 143, 144 


P (continued) 
point 
change, PtChg, 307, 482 
off, PtOff, 307, 483 
on, PtOn, 307, 483 
test, ptTest(), 307) 483 
text, PtText, 307, 483 
polar 
coordinate, R>P@( ), 487 
coordinate, R>Pr( ), 487 
graphing, 133 — 138 
vector display, »Polar, 430 
polyEval( ), evaluate polynomial, 480 
polynomials, 9, 72, 76 
activity, 402 
evaluate, polyEval( ), 430 
random, randPoly( ), 488 
PopUp, popup menu, 301, 481 
power of ten, 104( ), 537 
power, 4, 534, 569 
PowerReg, power regression, 262, 481, 571 
pretty print, 5, 11, 23, 29 
Pretty Print mode, 29, 41, 552 
previews. See examples, previews, activities 
Prgm, execute program, 276, 287, 481 
prime number test, isPrime( ), 459 
prime numbers, 8 
prime, ', 536 
problems (new), NewProb, 43) 472 
problems in operation. See errors and 
troubleshooting 
product code, upgrading, 373, 374 
product ID, 55 
product( ), product, 482 
product, M(), 75 533 
programs and programming, 275 — 314 
arguments, 284 
assembly language, 313, 314 
branching, 283, 295, 296 
calling another program, 287 
CBL 2/CBL, 309, 399 
CBR, 309, 399 
clear error, ClrErr, 310, 420 
clear graph, ClrGraph, 205, 305, 420 
clear home, ClrHome, 421 
clear I/O, ClrlO, 279, 302, 421 
clear table, ClrTable, 421 
comment, @, 282, 539 
conditional tests, 294 
copying, 281 
custom toolbar off, CustmOff, 37 302, 428 
custom toolbar on, CustmOn, 37 302, 428 
debugging, 310 
define dialog box Dialog, 302, 437 
define toolbar, Custom, 302. 429 
define toolbar, Toolbar, 302. 515 
define, Define, 287, 305, 384, 433 


deleting, 281 

display graph, DispG, 302, 305, 438 

display Home screen, DispHome, 302, 438 

display I/O screen, Disp, 277. 283. 302. 310, 
437, 555 

display table, DispTbl, 302. 305, 438 

drop-down menu, DropDown, 302, 440 

else if, Elself, 207. 296, 442 

else, Else, 296, 456 

end custom, EndCustm, 302, 429 

end dialog, EndDlog, 302. 437 

end for, EndFor, 283. 297, 450 

end function, EndFunc, 207, 286, 451 

end if, Endlf, 283. 295, 296, 456 

end loop, EndLoop, 299. 466 

end program, EndPrgm, 276. 287, 481 

end toolbar, EndTBar, 302, 515 

end try, EndTry, 310, 515 

end while, EndWhile, 298. 518 

entering, 280, 281, 282, 283 

execute assembly language, Exec, 314) 444 

execute program, Prgm, 276, 287, 481 

exit, Exit, 444 

for, For, 283, 297, 450 

format string, format( ), 302. 450 

function, Func, 207, 286, 451 

functions, 280, 285, 286 

get/return configuration, getConfg( ), 300, 
452 

get/return folder, getFold( ), 300, 453 

get/return from calculator, GetCalc, 309, 371, 
452 

get/return key, getKey( ), 301, 453, 556, 559 

get/return mode, getMode( ), 300, 453 

get/return units, getUnits( ), 300, 454 

go to, Goto, 287, 296, 299, 455 

graphical user interface, GUI, 302 

graphs, 305 

if, If, 207, 283, 295, 296, 456 

input, 279, 283, 301 

input, Input, 301, 305, 457 

label, Lbl, 287. 296) 299, 459 

local, Local, 286) 288, 289, 290, 464 

loop, Loop, 299, 466 

looping, 283, 297, 298 

menu item, Item, 302, 303, 459 

menus, 303, 304 

multicommand lines, 282 

operations, 412 

output, 279, 283, 301, 302 

output, Output, 302, 476 

pass error, PassErr, 310, 479 

passing values, 284 

pause, Pause, 302, 310, 479 

popup menu, PopUp, 301, 481 

prompt, Prompt( ), 301, 482 

request, Request, 301, 302, 490 
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return, Return, 286, 287, 491 

running, 278) inside front cover, inside back 

cover 

stop, Stop, 282, 507 

stopping, 278 

subroutines, 287 

tables, 305 

text, Text, 302, 513 

Then, Then, 295. 296, 456 

title, Title, 302. 513 

try, Try, 310, 515 

variables, 288 

while, While, 298, 518 
Prompt( ), prompt, 301, 482 
propFrac, proper fraction, 9, 70, 74,394, 482 
PtChg, point change, 307, 482 
PtOff, point off, 307, 483 
PtOn, point on, 307, 483 
ptTest( ), point test, 307, 483 
PtText, point text, 307, 483 
PxIChg, pixel change, 307, 483 
PxiICrel, pixel circle, 308, 483 
PxlHorz, pixel horizontal line, 308, 48-4 
PxiLine, pixel line, 276, 308, 484 
PxlOff, pixel off, 307, 484 
Px!IOn, pixel on, 216, 307, 484 
pxiTest( ), pixel test, 307, 484 
PxiText, pixel text, 307, 485 
PxIVert, pixel vertical line, 308, 485 


Q 

QR, QR factorization, 485 

QuadReg, quadratic regression, 262, 486, 571 
QuartReg, quartic regression, 262, 487, 571 
QuickCenter, 118 

Quick-Find Locator, 410 


R 
R>PO ), polar coordinate, 487 
R>Pr( ), polar coordinate, 487 
radian, ' , 535 
rand( ), random number, 488 
randMat( ), random matrix, 388, 488 
randNorm( ), random norm, 488 
random 
matrix, randMat( ), 388, 488 
norm, randNorm( ), 488 
number seed, RandSeed, 388, 488 
number, rand( ), 488 
polynomial, randPoly( ), 488 
randPoly( ), random polynomial, 483: 
RandSeed, random number seed, 388, 488 
rational functions activity, 394 
RclGDB, recall graph database, 220, 306, 488 
RelIPic, recall picture, 306, 489 


602 Index 


real( ), real, 489 

recall 
graph database, RcIGDB, 220, 306, 488 
picture, ReIPic, 306, 489 

reciprocal, x-1, 538 

rectangular x coordinate, P>Rx( ), 476 

rectangular y coordinate, PyRy( ), 476 

rectangular-vector display, }Rect, 489 

reduced row echelon form, rref( ), 73) 388, 493 

ref( ), row echelon form, 490 

regressions, 462 
cubic, CubicReg, 261. 428, 570 
exponential, ExpReg, 261. 446, 570 
formulas, 570, 571 
linear regression, LinReg, 261, 462, 570 
logarithmic, LnReg, 261. 464, 571 
logistic, Logistic, 261, 465, 571 
medium-medium line, MedMed, 262. 468, 571 
power regression, PowerReg, 262, 481, 571 
quadratic formula activity, 386 
quadratic, QuadRegq, 262. 486, 571 
quartic, QuartReg, 262. 487, 571 
selecting, 261 
sinusoidal, SinReg, 262. 503, 571 

remain( ), remainder, 490 

remainder, remain( ), 490 

Rename, rename, 289, 490 

replace picture, RplePic, 306, 493 

Request, request, 301, 302, 490 

reserved names, 567, 568 

return. See get/return 

Return, return, 207, 286, 287, 491 

right( ), right, 77, 293, 491 

rotate( ), rotate, 293, 348, 491 

round( ), round, 492 

row echelon form, ref( ), 490 

rowAdd( ), matrix row addition, 492 

rowDim( ), matrix row dimension, 492 

rowNorm( ), matrix row norm, 493 

rowSwap( ), matrix row swap, 493 

RplcPic, replace picture, 306, 493 

rref( ), reduced row echelon form, 73, 388, 493 

Runge-Kutta method, 180, !91, 193,573 


Ss 
sampling activity, 407 
Scatter plots, 266 
scientific notation, 25 
scripts, 94, 328, 329 
activity, 392 
tutorial, 392 
scrolling, 7, 103, 227, inside front cover, inside 
back cover 
second notation, ", 536 
Send, send list variable, 309, 494 
SendCalc, send to calculator, 309, 371, 494 
SendChat, send chat, 309, 371, 494 


S (continued) 
seq( ), sequence, 494 
sequence graphing, 139 — 151 
serial number, 55: 
service information, 580 
set 
folder, setFold( ), 101, 300, 495 
graph, setGraph( ), 300. 305, 495 
mode, setMode( ), 300. 305. 496 
table, setTable( ), 225. 300, 305, 497 
units, setUnits( ), 300. 497 
Set factors (zoom), 119, 121 
setFold( ), set folder, 101, 300, 495 
setGraph( ), set graph, 300, 305, 495 
setMode( ), set mode, 300, 305, 496 
setTable( ), set table, 225, 300, 305, 497 
setUnits( ), set units, 300, 497 
Shade (graph math tool), 122, 126 
Shade, shade, 308, 498 
shift(), shift, 250, 293, 348, 499 
ShowSiat, show statistical results, 262, 500 
sign( ), sign, 500 
simplification 
delayed, 66 
rules, 64 
stopping, 65 
simult( ), simultaneous equations, 73, 500 
sin-( ), arcsine, 501 
sin(), sine, 501 
sinh-\( ), hyperbolic arcsine, 502 
sinh( ), hyperbolic sine, 502 
SinReg, sinusoidal regression, 262, 503, 571 
SLPFLD, slope field, 180, 185, 197 
Smart Graph, 115 
software version, 55 
Solution Method graph format, 180 
solution, deSolve(), 75 196, 434 
solve( ), solve, 9, 58, 61, 62, 63, 66,68, 70 73 
196, 503 
solving linear equations, J, 10, 73 
SortA, sort ascending, 506 
SortD, sort descending, 506 
sorting 
ascending, SortA, 506 
descending, SortD, 506 
special characters, .?1, 324, 325 
spherical vector display, Sphere, 506 
Split App mode, 47, 553 
split screen, 209, 211, 231 — 236, 329, 341 
entry line, 235, 236 
exiting, 234 
pixel coordinates, 234 
setting, 233 
switch, switch( ), 300, 509 
switching, 235 
Split Screen mode, 41, 552 
square root, V(), 533 


standard annuity activity, 404 
standard deviation, stdDev( ), 506 
statistics, 253 — 273, See also regressions 
Box Plot, 266 
Calculation Type, 259, 261 
categories, 270, 271 
Category, 259, 260 
combinations, nCr(), 470 
factorial, !, 8,531 
Freq, 259. 260 
frequency, 270, 271 
Histogram plots, 267 
mean, mean( ), 467 
median, median( ), 467 
new plot, NewPlot, 266, 472 
one-variable statistics, OneVar, 261, 475 
operations, 412 
overview, 258 
permutations, nPr( ), 474 
plots, 264, 265, 266, 267, 268, 269 
plots off, PlotsOff, 111) 305. 480 
plots on, PlotsOn, 717, 305, 480 
random norm, randNorm( ), 488 
random number seed, RandSeed, 388, 488 
random number, rand( ), 488 
Scatter plots, 266 
show results, ShowStat, 262, 500 
standard deviation, stdDev( ), 506 
two-variable results, TwoVar, 261. 516 
variables, 260, 263 
variance, variance( ), 517 
xyline plots, 266 
status line, 53, 54, 108 
stdDev( ), standard deviation, 506 
StoGDB, store graph database, 220, 306, 507 
Stop, stop, 282, 507 
StoPic, store picture, 306, 507 
stopping a calculation, 28 
storing 
graph database, StoGDB, 220, 306, 507 
picture, StoPic, 306, 507 
symbol, > 286, 539 
string( ), expression to string, 293, 508 
strings 
append, &, 293, 532 
character code, ord( ), 293. 476, 555 
character string, char( ), 293, 419, 555 
dimension, dim( ), 293, 437 
expression to string, string( ), 293, 508 
format, format( ), 293. 302, 450 
indirection, #, 293, 534, 569 
inputting, InputSt, 292. 301, 371 
left, left( ), 293. 460 
mid-string, mid(), 293. 468 
operations, 292, 293, 413 
right, right( ), 293. 491 
rotate, rotate( ), 293. 491 
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shift, shift( ), 293, 499 

string to expression, expr( ), 292, 293, 301, 

381, 446 

within, InString, 293. 458 
Style, style, 112, 305, 508 
subMat( ), submatrix, 508 
submenus, 35 
substitutions, 57, 68, 69 
subtract, -, 526 
sum( ), summation, 492, 508 
sum, X(), 75) 533 
switch( ), switch, 300, 509 
symbolic manipulation, 57 — 80 
sysdata, system data, 203 
system variables, 567, 568 


a 
tO window variable, 181 
TABLE SETUP, table setup, 224 
Table, build table, 305, 510 
table-graph, Graph<->Table, 224 
tables, 221 — 230 
Atbl, 224 
automatic, 226 
build, Table, 305, 510 
cell width, 227, 230 
clearing, ClrTable, 421 
complex numbers, 227 
differential equations, 199 
displaying, DispTbl, 302. 305, 438 
functions, 228 
generating with sequence, 151 
graphing, Graph<->Table, 224 
incrementing, Atbl, 224 
Independent AUTO/ASK, 224, 226, 229 
manual, 229 
overview, 223 
programs, 305 
setTable( ), 225 
setting, setTable( ), 300. 305, 497 
setup, 225 
setup, TABLE SETUP, 224 
starting, tolStart, 224 
tolStart, 224 
tan-1( ), arctangent, 511 
tan( ), tangent, 510 
Tangent (graph math tool), 122, 125, 132, 138 
tanh-1( ), hyperbolic arctangent, 5/1 
tanh( ), hyperbolic tangent, 511 
taylor( ), Taylor polynomial, 75, 76,512 
tblStart, table start, 224 
tCollect( ), trigonometric collection, 71,512 
temperature conversion, tmpCnv( ), 86) 514 
temperature-range conversion, AtmpCnv( ), 86 
514 
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tExpand( ), trigonometric expansion, 71,513 
text editing, 315 — 331 
computer, 322 
cut, copy, paste, 95, 96, 321 
find, 321 
highlighting, 320. inside front cover, inside 
back cover 
Text, text, 302, 513 
Then, Then, 295, 296, 456 
three-dimensional graphing, 15.3 — 173 
animation, 154, 164 
CONTOUR LEVELS, 155, 166 
HIDDEN SURFACE, 155, 166 
WIRE AND CONTOUR, 155, 166 
WIRE FRAME, 155. 166 
TI Connect/TI-GRAPH LINK, 322, 323, 374 
time value of money activity, 405 
TIME, time plots, 142, 146, 190, 191 
Title, title, 513 
tmax window variable, 131, 181 
tmin window variable, 131 
tmpCnv( ), temperature conversion, 86, 514 
toolbar 
define, Custom, 302. 429 
off, CustmOff, 37 428 
on, CustmOn, 37 428 
Toolbar, toolbar, 302, 515 
tplot window variable, 181 
Trace, trace, 117, 305, 390, 398, 399, 402, 515 
tracing, 11,117, 118, 132, 138, 145, 159, 183 
transmitting. See linking and transmitting 
transpose, !, 509 
Trig menu, 71 
trigonometric collection, tCollect( ),/ 71, 512 
trigonometric expansion, tExpand(), 71 513 
troubleshooting. See errors and troubleshooting 
true message, SO 
Try, try, 310, 515 
tstep window variable, 131, 181 
TwoVar, two-variable results, 261, 516 


U 
Unarchiv, unarchive variables, 289, 361,516 
undef (undefined) message, 80 
underscore, _, 536 
Unit System mode, 42, 82,554 
unit vector, unitV( ), 516 
units, 83 
converting, 85 
defaults, 87, S89 
displaying, 87 
get/return, getUnits( ), 454 
measurement, S1 — 92 
modes, 42, 82, 554 
setting, setUnits( ), 300, 497 
user-defined, 88 
unitV( ), unit vector, 516 


U (continued) 
Unlock, unlock, 289! 516 
upgrading product code, 373, 374 


user-defined functions, 46 77.78 97-99 157, 


205, 207, 285, 286, 433 
user-defined units, 88 


Vv 
Value (graph math tool), 122, 123, 132, 138, 
159, 183 
variables, 47, 48 
archiving and unarchiving, 360 
archiving, Archive, 289, 361, 416 
clearing, 341 
copy, CopyVar, 289, 358, 422 
copying, 358 
data, 240, 241, 242 
defined, 59, 337 
delayed simplification, 66 
delete, DelVar, 60 77 102, 289, 291, 434 
deleting, 369 
in applications, 359 
list, 239, 241, 242 
local, Local, 286, 288, 289, 290, 464 
locking, Lock, 289 
locking/unlocking, 54, 358 
matrix, 239, 240, 241, 242 
moving, MoveVar, 289 
overriding, 60 
pasting name, 359 
renaming, 358 
reserved names, 567, 568 
statistical, 260, 263 
storing, 100 
system, 567, 568 
text, 94 
transmitting, 366, 368 
unarchive, Unarchiv, 289, 361, 516 
undefined, 59, 337 
unknown, solving for, 337, 339 
unlocking, Unlock, 289 
VAR-LINK, 102, 355. 356, 357, 358, 361 
variance( ), variance, 517 
Vector Format mode, 41,552 
vectors 
cross product, crossP( ), 425 
cylindrical vector display, »Cylind, 429 
dot product, dotP( ), 439 
unit, unitV(), 516 
Vector Format mode, 41, 552 
viewing angle, 162 
viewing orbit, 164 


WwW 
warranty information, 581 
web plots 

convergence, 148 

divergence, 148 

oscillation, 149 

WEB, 142, 146, 147 
WEB, web plots, 142, 146, 147 
when( ), when, 202, 206, 517 
While, while, 298, 518 
window variables 

omax, 137 

emin, 137 

estep, 137 

AX, 566 

Ay, 566 

diftol, 182 

dtime, 182 

Estep, 182 

eyey (rotation), 158, 162, 163 

eyed (x axis), 158, 162 

eyed (z axis), 158, 162, 163 

fldres, 182 

ncontour, 158 

ncurves, 182 

nmax, 143. 144 

nmin, 143, 144 

plotStep, 143. 144 

plotStrt, 143, 144 

t0, 181 

tmax, 131, 181 

tmin, 131 

tplot, 131 

tstep, 131, 181 

xgrid, 158 


xmax,|113) 131) 137) 143) 144) 158) 182) 566 
xmin, 113) 131) 137) 143) 144) 158) 182, 566 


xres, 113. 131, 158 
xscl, 113. 131, 137) 143, 144, 158, 182 
ygrid, 158 


ymax, 113, 131) 137) 143) 144) 158) 182) 566 
ymin, 113) 131) 137) 143) 144) 158) 182) 566 


yscl, 113, 131, 137, 143, 144, 158, 182 
zmax, 158 
zmin, 158 
wire-and-contour graphing, 155, 166 
wire-frame graphing, 155, 166 
with, |, 10 58 60 67 538, 569 
within string, inString( ), 293. 458 
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X 

xgrid window variable, 158 

xmax window variable, 113, 131, 137, 143, 144, 
158, 182, 566 

xmin window variable, 113, 131, 137, 143, 144, 
158, 182, 566 

xor, Boolean exclusive or, 294, 347,518 

XorPic, exclusive or picture, 306, 519 

xres window variable, 113 

xscl window variable, 113, 131, 137, 143, 144, 
182) 566 

xyline plots, 266 


¥ 

Y= editor, 106, 109, 130, 136, 142, 157, 179, 204 

ygrid window variable, 158 

ymax window variable, 113, 131, 137, 143, 144, 
158, 182, 566 

ymin window variable, 113, 131, 137, 143, 144, 
158, 182, 566 

yscl window variable, 113, 131, 137, 143, 144, 
182, 566 


Zz 
Zero (graph math tool), 122, 123 
zeroes 
activity, 402 
zeroes( ), zeroes, 61, 70, 74, 384, 519 
zmax window variable, 158 
zmin window variable, 158 
zoom 
box, ZoomBox, 119. 120, 521 
data, ZoomData, 119, 522 
decimal, ZoomDec, 119, 522 
factors, 119, 121 
fit, ZoomFit, 119, 523 
in, Zoomlin, 119, 120, 523 
integer, ZoomInt, 119, 523 
Memory, 119, 121 
out, ZoomOut, 119. 120, 524 
previous, ZoomPrev, 121, 524 
recall, ZoomRel, 121, 524 
square, ZoomSgaqr, 119. 524 
standard, ZoomStd, 119. 525 
store, ZoomSto, 121.525 
trig, ZoomTrig, 119, 525 
Zoom menu, 119 
ZoomBox, zoom box, 119, 120, 521 
ZoomData, zoom data, 119, 522 
ZoomDec, zoom decimal, 119, 522 
ZoomFit, zoom fit, 119,523 
Zoomin, zoom in, 119, 120, 523 
ZoomiInt, zoom integer, 119, 523 
ZoomOut, zoom out, 119, 120, 524 
ZoomPrev, zoom previous, 121, 524 
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ZoomRcl, zoom recall, 121, 524 
ZoomSaqr, zoom square, 119, 524 
ZoomStd, zoom standard, 119, 525 
ZoomSto, zoom store, 121, 525 
Zoomtrig, zoom trig, 119, 525 


